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Chapter 1:  
INTRODUCTION 
 
1.1 Aquatic pollution from heavy metals 
 
Heavy metals are metals which have a density excess of 5g/cm
3
 (Forstner and Wittmann. 
1981). Heavy metals are often found in trace amounts in the environment and are often 
referred to as trace metals. They are commonly present in surface waters (Manson. 1991). 
Trace metals enter aquatic environments from various sources including weathering, soils 
and rocks. In addition, human activities such as industrial production, mining and burning 
fossil fuel also contribute a large source of heavy metals to the environment. Metal 
pollution has been acknowledged to be one of the most important environmental and 
public health issues (Deoraj, et al. 2003) 
To date, many studies have been conducted to identify and quantify heavy metal 
pollutants from urban areas. Bradford (1977) found that urban storm-water is a 
significant source of pollutants, including trace metals to surface waters. Baer and Pringle 
(2000) and Pitt (2000) also believed that storm-water runoff from urban areas may cause 
aquatic habitat degradation in streams and rivers draining such areas. Field and Pitt 
(1990) also reported urban areas always suffer higher concentrations of nitrates, 
phosphorus, heavy metals, and pesticides compared with forested areas.  
  
Domestic wastewater is one of the greatest sources of metal pollutants, especially of Cu, 
Pb, Zn, Cd and Ag (Forstner and Wittmann. 1981). Forstner and Wittmann (1981) also 
reported that solid domestic wastewater particles may cause metal enrichment in the 
sediment because they had found that concentration of Cr, Cu, Pb, Zn and Cd in the 
sewage sediment of Sweden, England and Michigan were 1.2- 50 times higher than those 
in crustal rock. 
 
Metals input from rural areas also contribute to a large proportion of aquatic pollution. 
Agricultural runoff from the use of fertilizers and pesticides has been described as a 
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hazardous heavy metal pollutant source to the aquatic environment.  For example, 
Stenstrom and Vahter (1974) first found that the concentrations of Cd in 21 common 
fertilizers exceed the tolerance limit of 15 mg/kg standardized by the Swedish National 
Board of Health and Welfare for agricultural use. Chaisemartin (1983) also found a 
significant correlation between fertilizers and the water pollution in the relevant area. 
 
Aquatic metal pollution is also influenced by atmospheric sources, such as metal 
emission from burning of fossil fuels,  volcanic eruption and smelting (Eshleman, et al. 
1971).  
 
Sedimentary heavy metals also contribute to water pollution. Metal concentrations in the 
sediment are always higher than the concentrations in the river water even in unpolluted 
area (Edward. 2000). Moreover, Edward also reported that under appropriate conditions, 
these metals could continue to pollute water by leaching out of the sediment for many 
years after the pollutant discharges had been stopped. 
 
Although above pollutant sources are large sources of metals input into surface waters, 
industrial waste containing heavy metals arises is a dominant source of hazardous 
pollutants affecting the water quality. Associated with the development of industry, many 
strong relationships between industrial activities and heavy metal pollution of surface 
waters have been  reported (Akcaya, et al. 2003). 
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1.1.1 Metals and metabolism 
 
1.1.1.1. Review on metals and general respond of aquatic organisms to metal pollution 
In the aquatic environment, metals are mostly insoluble in a neutral or basic pH. They are 
rapidly adsorbed to particulate matter or absorbed and accumulated by  organisms (Eilser. 
1981, Edward. 2000). Although taken up by organisms, not all heavy metals are used for 
biological functions; some are beneficial and the others may be harmful.  
 
Based on the requirements for metabolic functions, heavy metals are classified as the 
essential element group or the nonessential (Nieboer and Richardson. 1980). The 
essential element group, which is required by organisms, plays irreplaceable roles in the 
metabolism of the organism. Essential metals may act as enzyme cofactors such as Zn, 
Mg and Mn, or structural components of organic molecules such as Fe, Cu and Zn.  
 
Essential elements with sufficient supply results in the optimal condition for the life of 
the organism, but deficiency if there is an undersupply. Essential elements, however, 
potentially turn harmful to organisms at high concentrations (Bryan. 1971, Steven and 
David. 2003).  
 
The non essential metals, including Hg, Cd, Pb, and As, have no biological function and 
may be toxic at low concentrations (Forstner and Wittmann. 1981, Hu. 2002). Exposure 
of biota to nonessential metals usually results in health hazards due to the  toxicity of the 
metals. Arsenic exposure, for example, may lead to skin, liver or nerve tissues injuries 
(Forstner and Wittmann. 1981).  
 
Heavy metals, essential and nonessential, are potentially accumulated from the water by 
aquatic organisms because they are non- biodegradable (Eilser. 1981, Oldewage and 
Marx. 2000, Bervoets and Blust. 2003). Bio-accumulated metals may block essential 
functions of biomolecules (Paris-Palacios, et al. 2000) or displace essential metal ions 
(cofactors) in biomolecules (Brzoska and Moniuszko-Jakoniuk. 2001) or change the  
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function of biomolecules (Roncero, et al. 1992, Romeo and Gnassia-Barelli. 1995, 
Richard. 2003). 
 
According to Dallinger, et al. (1987), there are three ways in which metals could enter the 
body of fish: the skin, the gills, and food. Although the skin is a highly exposed part of 
the body, it does not play a dominant role in the uptake of heavy metals (Dallinger, et al. 
1987). This fact was explained by Varanasi and Markey (1978) in that the mucus 
secretion may prevent heavy metals from entering the body of fish. This may differ in 
small fish because the skin of the small fish may serve as the main route for the uptake of 
metals (Bryan and Langston. 1992). The gill, on the other hand, is an important pathway 
for the metal uptake in the fish (Hughes and Flos. 1978); from the gill, metals enter the 
body and accumulate in specific organs (Dallinger, et al. 1987, Rainbow. 1998). Once 
within the body of an organism, the distributions of metals may differ in different tissues. 
The kidney and the liver are considered to be the  major sites for heavy metal 
accumulation in aquatic vertebrates (Olsvik, et al. 2001). Cu, for example, mainly 
accumulates in the liver (Dallinger, et al. 1997) while Hg deposits in the kidney and the 
liver (Fabbri, et al. 2003). 
The most important source of metal uptake in fish, however, is the food. From laboratory 
experiments on the accumulation of heavy metals in freshwater fish, Dallinger, et al. 
(1987) proved that the food is considered as the main source of Cu, Pb and Methyl- Hg 
accumulation. By consuming organisms at lower tropic levels, organisms at higher levels 
may accumulate an increased concentration of heavy metals in the body 
(biomagnification) (Knauer and Martin. 1972, Pergent and Pergent-Martini. 1999, 
Edward. 2000).  
 
 Different heavy metals may cause different biological effects on the organism.  Hg is 
well documented as a toxic substance causing brain damage to fish  while Cd has harmful 
effects on enzymatic systems of cells such as proteins, enzymes and nucleic acids 
(Brzoska and Moniuszko-Jakoniuk. 2001). Cu is also known to alter the structural lipids 
of cell membranes (Roncero, et al. 1992) or damage DNA (Segner and Braunbeck. 1998, 
Faverney, et al. 2001) while exposure to Pb was reported to lead to the inhibition of 
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blood delta aminolevulinic acid dehydratase (ALAD), an essential enzyme in haeme 
formation, in many species of freshwater and marine teleosts (Eilser. 1988).  
 
The effects of heavy metals on organisms is dependenton the time of exposure. In a short 
term exposure (acute exposure), Cu may cause adverse effects on the respiratory and 
osmoregulatory functions by the direct damage to specific target organs in fish while the 
long term toxicity of Cu is exerted at the cell membrane (Manzl, et al. 2003, Richard. 
2003). In the short term, Hg may flare gill covers in the fish, increase the frequency of 
respiratory movements and a loss of equilibrium while in the long term effects are 
manifested as emaciation, brain lesions, cataracts, an inability to capture food, and an 
abnormal motor coordination (Eilser. 1987).  
 
Effects of a heavy metal on an organism is also influenced by its concentrations. In a 
study, (Berglind, et al. 1985) exposed the Daphnid Daphinia magna to Pb and found 19 
days LC50 was 10µg Pb/L  medium while 21days LC50 was 30 µg Pb/L  medium. In 
addition, the 96h LC50 for Cladoceran (Daphnia magna) was 5.0 µg Hg/L medium while 
the lifetime LC50 was 1.3- 1.8µg Hg/L medium (Eilser. 1987). 
In addition, effects of a metal on an organism are dependent on the form or oxidative 
state of the metal. For example, Cr
3+
 was reported being less toxic than Cr
6+ 
to fresh 
water organisms (Eisler. 1986). Organic Pb compounds were also found to be more toxic 
than inorganic forms (Eilser. 1988). Moreover, James, et al. (2003) reported that organic 
Hg is more readily accumulated than inorganic Hg in vertebrates: most Hg in fishes is 
Methyl- Hg while only little bioaccumulated inorganic Hg was reported .  
 
In the water, the toxicity of heavy metals to organisms is influenced by the temperature, 
pH, water hardness, dissolved oxygen, light, salinity and organic matter (Bryan. 1976, 
Somero, et al. 1977). The increase of temperature in the aquatic medium is well 
recognized as a factor causing the increase of heavy metal toxicity (Friberg and 
Nordberg. 1986, Eisler. 2000) while the increase of water hardness causes the reduction 
of toxicity (Bell. 1976). Moreover, the temperature can also influence the absorption and 
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the release of heavy metals (Forstner and Wittmann. 1981). Low oxygen content was 
also reported to cause an increased concentration of heavy metals in water (Forstner and 
Wittmann. 1981). 
 
The toxicity of heavy metals can also be related to organic matter in the water as reported 
by  Ramamoorthy and Kushner (1985), Hirose and Sugimura (1985), Malcolm (1995) 
reported that when attached to organic matter, heavy metals may have less toxicity since 
they are chelated by the organic molecules. 
 
Although heavy metals tend to be accumulated in aquatic organisms, they may also be 
excreted by numerous biological processes including insolubilization of metals 
(depositing as mineral granules) and soluble binding to detoxification  proteins 
(metallothioneins or ferritin) (Mason and Jenkins. 1995). Malcolm (1995) reported that 
the fish have a number of mechanisms to prevent the accumulation of many substances 
and the transformation of potential toxic compounds, which occurs in all of the body 
tissues. In fish as in other animals, the liver appears to be a target of toxic chemicals of 
external origin and the main station for detoxification (Fabbri, et al. 2003). If the rate of 
uptake of a metal exceeds the rate at which an organism excrete, then there is a net 
accumulation pattern for the whole body (Rainbow. 1998) 
 
1.1.1.2.The uptake of metals by plants 
 
Plants often take up metals through the leaf or the root. The transfer of metals from the 
environment into the plant body takes place under 3 processes: passive, facilitated and 
active (Phipps. 1981). Phipps defined the passive process as the entering of metal ions 
into the plant through cells membranes from the external environment which has higher 
ion concentrations. Copper, for example, usually enters plants by a passive process 
(Lepp. 1981). This process is unaffected by metabolic inhibitors while a facilitated 
process requires metabolic activities and is affected by metabolic changes but not 
directly. The facilitated process is the replacement of either H
+
 or a metal- binding agent 
with metal ions whereas the active process uses molecules to carry metal ions and utilizes 
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energy. The active process explains how some heavy metals are accumulated. Zn, for 
instance, enters into plants through the active process (Collins. 1981) and this process is 
affected by metabolic inhibitors. 
 
The uptake of heavy metals by plants is influenced by environmental factors such as 
organic matter in  some environments or seasonal mobility of nutrients in plants (Lepp. 
1981). The uptake of Cu, for example, is impacted by organic binding agents, particularly 
Nitrogen compounds while the uptake of Zn was found to be strongly connected with 
Phosphorous as “P- induced Zn deficiency” (Collins. 1981). Besides that, the uptake of 
metals is also affected by other elements. An interaction between Cu and Pb, for 
example, was reported by Lepp (1981). In addition, the uptake of Zn is inhibited by 
cations such as Ca, K, Mg and H
+
. Cu is also a competitive inhibitor for the uptake of Zn 
(Collins. 1981).  
 
1.1.2. Review of the six metals investigated  in the project 
 
1.1.2.1  Copper Cu 
 
Cu is known as the first metal used by human (Schroeder, et al. 1966). Cu is found in 
many minerals, however, according to ATSD. (1990), Cu is mainly exploited from the 
three most important minerals: chalcocite (Cu2S), chalcopyrite (CuFeS2), and malachite 
(CuCO3·Cu(OH)2). Cu is widely used in industry such as in transportation (4%), 
machinery (6%), construction (15%), and the major use (70%)  is in electrical equipment 
(Eisler. 1997). Cu is also used in agriculture for pesticides and fertilizers. Moreover, Cu 
is used in environment protection to control unwanted species of freshwater algae and 
macrophytes (USEPA. 1980a). 
 
Nriagu (1979) estimated that anthropogenic inputs of Cu into environment are two to five 
times higher than the natural loadings; the atmosphere is a primary recipient of these 
inputs. According to Nriagu (1979), mining and industrial activities are significant 
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sources of Cu input into the aquatic environment. Cu from agricultural runoff is also 
considered as a considerable source for the aquatic ecosystem (Eisler. 1997). 
 
The average concentration of Cu in lakes and rivers is 4 ppb (ATSD. 1990) and the major 
species in freshwater are Cu(CO3)2
-2
 and CuCO3 (Boyle. 1993). Although there are four 
oxidation forms of Cu in water, including Cu
0
 (elemental Cu), Cu
+1
 (cuprous ion), Cu
+2
 
(cupric ion) and Cu
+3
 (trivalent Cu), the cupric ion (Cu
+2
) is the one encountered in water 
(ATSD. 1990). 
 
Cu is an essential metal in minute amounts to organisms and it plays a very important 
role in the structure of several essential enzymes including tyrosinase (melanin 
production) and dopamine betahydroxylase (catecholamine production) (Aaseth and 
Norseth. 1986). Cu is formed into 12 specific Cu proteins, such as cytochrome  c oxidase, 
tyrosinase, and erythrocyte superoxide dismutase (Irwin, et al. 1997a). Cu, however, 
causes a variety of toxic effects to the fish and other aquatic organisms at high 
concentrations, for example the forming of a reactive form of oxygen, which can produce 
enzymatic deactivation (Rai, et al. 2001, Manzl, et al. 2003). This result is also supported 
by the work of Irwin, et al. (1997a) and Deoraj, et al. (2003). In addition, Irwin, et al 
(1997a) stated that the toxicity of Cu is strongly influenced by conditions of the water: 
the greater the hardness, alkalinity, salinity, organic level, pH, the lower the toxicity of 
Cu and higher the fish size. Because of its toxicity, Cu is considered as a priority 
pollutant (Callahan, et al. 1979). However, Cu poisoning is rarely found in human (Irwin, 
et al. 1997a) 
 
 
1.1.2.2  Zinc  Zn 
 
Zn, the 25
th
 most abundant element, is estimated to have a concentration of 40mg/ kg in 
the earth’s crust (Friberg and Nordberg. 1986). Zn has been exploited and used by 
humans for about 2000 years (Vallee. 1959, Eisler. 1993). Zn occurs in many ores but 
primarily in sulfides such as sphalerite and wurtzite (Elinder. 1986). Zn is used in various 
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industries such as battery manufacture, electroplating, chemistry, however the main use 
was found to be in coating non-corrosive alloy products (Irwin, et al. 1997e). Zn is also 
found in pesticides in agriculture, as a protective agent against soil Zn deficiency and 
human medicine (Eisler. 1993).  
 
Total discharge of Zn into the environment is about 9 million metric tons in which 96% is 
from human activities (Leonard and Gerber. 1989). Electroplating, smelting and mining 
are considered as the main artificial sources of Zn discharge. The combustion of fuel and 
solid waste are also significant sources of Zn (Eisler. 1993). Zn is also commonly found 
in urban runoff  (Irwin, et al. 1997e).  
 
Elemental Zn is relatively insoluble in water but it is soluble in acid and alkali (Weast. 
1988). Zn exist in the aquatic environment usually bound in hydrous iron and manganese 
oxides, clay minerals, and organic materials (USEPA. 1987). In the natural water, forms 
of Zn are strongly dependent on pH; at pH 6, the dominant forms of dissolved Zn are the 
free ion (98%) and Zn sulfate (2%); at pH 9 the dominant forms are the monohydroxide 
ion (78%), Zn carbonate (16%), and the free ion (6%) (Eisler. 1993). According to Spear 
(1981),  90% of Zn is present as the aquo ion and the remainder consists of ZnHCO
3+
, 
ZnCO3, and ZnSO4  in river waters.  
 
Zn is an essential element to organisms in small amounts and plays a very important role 
in the growth of organisms (Rosser and George. 1986). Zn is a component of more than 
200 enzymes including carbonic anhydrase, alkaline phosphatase etc (Eisler. 1993). 
Smeets, et al (1989) also revealed that Zn aids neurotransmission in the brain of fish. 
Insufficient Zn supply may lead to poor health, reproductive problems, and reduce of 
ability to resist disease. An excessive supply of  Zn, however, can poison organisms 
including humans (Irwin, et al. 1997e). Therefore, Zn has also been listed as a one of 
priority pollutants by the USEPA since 1979 (Callahan, et al. 1979). 
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1.1.2.3  Chromium Cr 
 
Cr is only found in the combined state (IARC. 1973). In natural conditions, most 
frequently occurring forms of Cr are the trivalent (Cr
+3
) and hexavalent (Cr
+6
) oxidation 
states (Irwin, et al. 1997f). Cr is mainly mined from minerals in the form of chromite 
(FeOCr2O3) (Eisler. 1986). The application of Cr varies from metal alloys such as 
stainless-steel, heat-resistant steels and metal finishing to leather tanning and textile 
industry (Irwin, et al. 1997f). Cr is also used in the chemical industry, ceramics and fuel 
(Mackison and Stricoff. 1981). 
 
There are two main sources of Cr introduced into the environment: the chemical 
manufacturing industry and combustion of natural fuel such as gas, oil and coal (Irwin, et 
al. 1997f). Irwin, el al. also described other sources that also contribute a considerable 
amount of Cr into the environment such as road dust, cement producing plants, exhaust 
emission from automotive catalytic converters, waste waters from electroplating, and 
textile industries and solid wastes from chemical manufacture of Cr compounds  
 
In water, Cr as an element is relatively insoluble. The solubility of Cr compounds is 
strongly dependent on the  form of Cr  and physicochemical conditions of the water such 
as pH, oxygen and organic matters (Sax and Lewis. 1987). Under oxygenated conditions, 
for example, the form Cr
+6
 is highly soluble in the water (Eisler. 1986, Irwin, et al. 
1997f). Under low pH, Cr
+3
 hydroxides may solubilize and remain as ionic Cr
+3
 (Eisler. 
1986). Salinity also influences Cr in the water; the adsorption of Cr by the sediment is the 
greatest at a salinity of 0.1 to 1.0% (Mayer and Schick. 1981). Irwin, et al. (1997f) 
reported that most of the Cr released into the water is deposited in the sediment. 
All Cr compounds are considered toxic substances to organisms (Callahan, et al. 1979), 
however, the toxicity of Cr  depends on the solubility of its forms (Irwin, et al. 1997f).. 
For example, the toxicity of Cr III sulfate is higher than Cr III fluoride,  the less soluble 
form (Irwin, et al. 1997f). The forms that greatly impact on organisms, however, are Cr 
III and VI (VanderPutte, et al. 1981). Organisms exposed to Cr VI may have cellular 
damage via its role as a strong oxidizing agent (Irwin, et al. 1997f). 
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Although Cr is toxic, its trivalent form is required for the normal metabolism of insulin 
and glucose in humans (Langard and Norseth. 1979). Insufficient Cr supply in animals 
may lead to reduced growth and decrease the life span (Preston, et al. 1976). Lack of Cr 
in humans may be a possible factor in the incidence of diabetes and atherosclerosis. 
(Onkelinx. 1977). 
 
1.1.2.4  Lead Pb 
 
Pb, which has been mined and used in industry for millennia, is the major constituent 
element of more than 200 identified minerals (USEPA. 1980a). According to DeTreville 
(1964), the average concentration of Pb in the earth is about 16 µg/g soil. Pb naturally 
occurs in many minerals, but is abundant in galena (PbS), angelesite (PbSO4), and 
cerusite (PbCO3) (USEPA. 1980a). Most Pb is used in storage battery manufacture. 
Another use in the manufacture of gasoline antiknock additives are tetramethyllead 
(TML) and tetraethyllead (TEL). Pb is also used in electronic plating, metallurgy, 
radiation protective devices and plastic (Eilser. 1988)  
 
Mining, smelting and refining are considered a major source of Pb pollution with about 
more than 3000 ton/year released into the environment (Hu. 2002). Other dominant 
source of Pb pollution is from the combustion of gasoline and weathering with about 400 
ton/year each. For the past 50 years, the combustion of motor vehicle fuel has been the 
main source of Pb pollution (Hu. 2002). 
 
Pb itself is not soluble in the water but it can be solubilized by some acids. Some of its 
compounds also are soluble in the water (Hem and Durum. 1973). Hem (1976), May and 
McKinney (1981) also found that natural Pb compounds are not mobile in the surface 
water; they are readily precipitated to the sediment as carbonates or hydroxides. It affects 
the aquatic environment through its compounds, mainly the plus two valence state 
(inorganic) and the plus four valence state (organic) (USEPA. 1980a). 
 
                                                          Biomonitoring of trace metals in the Saigon River 
15 
Pb has been reported as the most toxic element to aquatic invertebrates, algae and fish at 
the lowest concentration (Jorma. 1973, Eisler. 2000). The Pb that is a part of minerals or 
soil may be less toxic than the other forms to aquatic organisms. The toxicity of Pb is 
strongly influenced by water hardness; the toxicity increases as the hardness decreases 
(USEPA. 1980a). Pb bioaccumulation is found in the shellfish such as mussels but rarely 
found in the fish, however, Pb is very toxic to the fish (Irwin, et al. 1997b).  
 
Pb is listed as a one of 129 priority pollutants and among the 25 most hazardous 
substances because it poses the risk to human health, particularly in children (Callahan, et 
al. 1979, Irwin, et al. 1997a). Pb can enter the blood and cause the decreased life-span of 
erythrocytes (USEPA. 1980a) and range from convulsions, coma, renal failure to 
permanent brain damage (Irwin, et al. 1997b), and even death (Hu. 2002).  
 
1.1.2.5  Cadmium Cd 
 
Cd is a rare element (Aylett. 1979) and is often found in associations with Zn, Pb- Zn or 
Pb-Cu-Zn (Page, et al. 1981). Cd contamination in the water is mainly from man-made 
sources such as mining and industry, particularly from metal plating, plastics and 
batteries (Eastwood and Couture. 2001, Hu. 2002). 
 
Elemental Cd is insoluble in the water; however its organic compounds are highly soluble 
and stable at neutral or slightly alkaline pH. In the water, most forms of Cd are divalent 
including Cd (II) ion, Cd Chloride and Cd Carbonate (Kabata-Pendias and Pendias. 1984, 
DWAF. 1996). 
  
Cd is not beneficial for any metabolic function in higher organisms and is a toxicant for 
most organisms (Jorma. 1973, Viarengo. 1985). Cd clearly appears to accumulate with 
the increasing age of the animal and causes behavioral, growth and physiological 
problems in aquatic organisms (Irwin, et al. 1997c). Cd maybe retained in the organism 
for long periods of time and can bioaccumulate for many years after exposure to this 
metal (WHO. 1992). Cd mainly enters the body of fish from food and water (Dallinger 
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and Kautzky. 1985, Williams and Giesy. 1978). Cd is mostly accumulated in  the kidney, 
liver and gills (Mount and Stephan. 1967, Eaton. 1974, Dallinger, et al. 1987).  
 
All forms of Cd are harmful to human. Being exposed to Cd  is one of the major causes 
of kidney and bone- marrow disease in human (Venugopal and Luckey. 1978). Callahan, 
et al (1979 ) listed Cd as one of 129 priority pollutants and among the 25 most hazardous 
substances to human health. 
 
1.1.2.6  Mercury Hg 
 
 Hg is found in rocks and soils at very low concentration (about 60 ppb) but its 
concentration is higher in regions of volcanic activity (Malcolm. 1995). Historically, Hg 
was used for various purposes, such as in the chlor- alkali industry to produce Cl2 used in 
the plastic industry (Montague and Montague. 1971), paper industry, in batteries, 
electrical apparatus or in gold exploration. Today, the use of Hg has declined due to the 
development of technology; however Hg is still used in measuring instruments, such as 
thermometers, dental amalgams, or as a catalyst to speed up chemical reactions in 
industry (Edward. 2000).  Although Hg is widely used, the major source of Hg released 
into the environment is mainly from Chlor-alkali production (Malcolm. 1995). 
 
In the water, Hg is insoluble except when bonded to organic matters (Wood. 1994) and 
most of Hg is organo Hg compounds in which methyl Hg is the major part (Forstner and 
Wittmann. 1981). As a result of anaerobic processes, methyl Hg is formed from 
elemental Hg and is readily absorbed or digested by organisms. To date, methyl Hg has 
been extensively studied  not only because of its dominant presence but high toxicity; 
most studies indicated that methyl Hg is accumulated and biomagnifies up the food chain 
and poses a health threat to organism life (Goldwater. 1971, Irwin, et al. 1997d, Michael. 
2003).   
 
In the metabolic of organisms, Hg has no function and is relatively very toxic; it acts as a 
cumulative poison causing progressive and irreversible brain damage (Goldwater. 1971, 
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Bakir, et al. 1973, Forstner and Wittmann. 1981, Hu. 2002, Ui. 2004). Hg is frequently 
found in fish at high concentrations in their muscles (Weatherly, et al. 1980, Hu. 2002), 
particularly in sea fish such as tuna, swordfish and king mackerel; total Hg ranges from 
0.16 p.p.m to 1.86 p.p.m. High concentration of Hg was also found in the fish from Hg 
contaminated areas(Doi and Ui. 1994). According to Irwin, et al. (1997d), the main route 
of exposure of Hg to fish is through the diet. 
 
Hg is considered as a one of 129 priority pollutants and listed as one of the 25 most 
hazardous substances to human health (Callahan, et al. 1979). 
 
1.2 Aquatic pollution and biomonitoring  
 
1.2.1 Water pollution and biomonitoring 
 
Rapid urbanization, industrialization and the use of fertilizers have resulted in many 
environmental issues in not only developed countries but also in other countries. 
Associated with the increasing load of pollutants, the balance of aquatic ecosystems are 
threatened and bioaccumulation of many toxic substances by biota has also increased 
(Rai, et al. 2001).  
 
As a result of exposure to water contamination, effects on health can occur to people 
through contact recreation, drinking water and consuming contaminated fish or shellfish 
(USEPA. 1991). People consuming the contaminated fish or shellfish may potentially 
suffer from carcinogenic, genocitic and non-carcinogenic health problems (USEPA. 
1991). One of the known examples of an incident caused by Hg contaminantion is Itai-
Itai disease in Minimata, a bay which was rich in fish and shellfish and provided the 
main livelihood for local residents and fishermen from other areas in Japan. From 1932 
to 1968, a factory producing acetic acid discharged waste liquid into Minamata Bay 
which included high concentrations of methyl Hg and the fish in the bay then 
accumulated Hg. From consuming the fish, people bioaccumulated large body-burdens 
of Hg and 2,000 people in the community were affected by the disease with brain 
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damage, paralysis, incoherent speech and delirium (Forstner and Wittmann. 1981). The 
number of people adversely affected is still on the increase over thirty years (Ui. 2004). 
Dolbec, et al (2000) also reported another case of Hg poisoning in the Amazon river, 
Brazil: many local people suffered from cytogenetic damage in lymphocytes from 
consuming Hg contaminated fish from the river. 
It is important to monitor environment in order to assess water quality and to determine 
potential threat to aquatic ecosystems. In addition there is a connection between the 
aquatic environment and humans.  According to Henderson, et al. (1989), Everaarts, et al 
(1994), Oost, et al (1996) and Welie, et al (1992), various monitoring techniques may be 
used to serve this purpose such as measurement of a number of potential hazardous 
substances (environmental monitoring) or measurement of the bioaccumulation of 
pollutants in organisms (biomonitoring). 
 
Traditionally, environmental monitoring has been used to assess water quality for 
domestic supply or industrial use. However, this method only reflects the momentary 
condition and provides poor predictions levels and effects on ecosystems (Bervoets and 
Blust. 2003). Therefore, Oost, et al. (1996) suggested that we should study the 
relationships between environmental and  biological effects for a reliable risk assessment 
of aquatic pollution. For the purpose of environmental assessment, biomonitoring is an 
one of the most valuable tools and has been thoroughly recognized. The benefit of it to 
assist with the Agency’s Regulator Decisions for surface water in the United States is 
well established (USEPA. 1990).  
 
Biological monitoring (biomonitoring) involves the use of organisms as indicators, 
indicator species or indicator communities for pollutants (Phillips and Rainbow. 1993). In 
other words, the information on the responses of organisms from biomonitoring is used in 
order to assess the environment quality.  According to Plafkin, et al (1989), the 
advantages of biomonitoring are: 
 
- Reflecting overall ecological integrity. 
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- Providing a holistic measure of environmental condition by integrating stresses 
over time. 
- Giving better understands living organisms as measures of a healthy environment 
 
In Vietnam, industrial pollution was addressed as the most fundamental environment 
problem and water quality has been given much attention since the Renovation policy 
(Doi moi) resulted in rapid growth in the 1990s (Ogenis. 2001, Sam, et al. 2001). In the 
early 1990s, a “National Plan for Environment and Sustainable Development in Vietnam 
for the 1991-2000 Period” was introduced and the Law on Environmental Protection was 
also implemented in 1994 with a wide range of legal documents introduced to 
standardized environmental quality (Sam, et al. 2001).  
 
Generally, allowable concentrations of metals in freshwater in Vietnam are set higher 
than that set by World Health Organization guidelines (WHO) and Australian guidelines 
(ANZECC.2000). Table 1.1 is summarized some of criteria for the fish and the aquatic 
life, irrigation and treated industrial water from the Vietnamese standards compared with 
the WHO guidelines and the ANZECC water quality guidelines. 
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Table 1.1  Some allowable limits for protection of fish and aquatic life (Unit µg. l-) 
 Guidelines Cu Zn Cr Pb Cd Hg pH 
Vietnamese 
standard (*)  
<2
 
 <1 <10
 
<2
 
<2 5.5<pH 
<8.5 
WHO (1997) <2
 
<45 <1
 
<0.1
 
<0.07
 
<0.003 6.5<pH 
<9
 
 
 
Surface 
freshwater 
Australia 
guideline 
(ANZECC. 
2000) 
<5 <10 <20 <1 <0.2 <1 5.5<pH 
<8 
Treated 
wastewater 
Vietnamese 
standard A 
(TCVN.1995) 
<200 <100
0 
50-100 <50 <10 <5 6<pH 
<9 
* (ESCAP. 1990)  
 
Sam, et al. (2001) also reported that since 1994, a national network of environmental 
monitoring and analysis was established by the Ministry of Science, Technology and 
Environment of Vietnam (MOSTE) and has been put into operation. Moreover, national 
procedures for environmental monitoring and analytical methods have also been 
completely formulated; however, little attention is given to biomonitoring. 
In the Saigon River, monitoring stations have been established however, they only take a 
sample when requested to do so for specific projects (CDM. 2000) 
 
1.2.2 Choice of organisms in biomonitoring 
 
Different kinds of organisms could be chosen for different monitoring purpose because 
the use of each species has advantages and disadvantages, however organisms used for 
biomonitoring should be widely and abundantly distributed and play an important role in 
their ecosystems. Besides that they must display some measurable response to pollutants. 
Moreover, they should show similar responses to the same pollutant at different sites 
(Source: http://euclid.dne.wvfibernet.net/~jvg/Env222/In_situ_Biomonitoring.html). 
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There are many studies on the use of organisms as indicator species in biomonitoring. 
Benthic macroinvertebrates are often chosen for aquatic assessment programs (Osmond, 
et al. 1995). Algae and certain aquatic plants are also generally used (Phillips and 
Rainbow. 1993), (Osmond, et al. 1995). Fish, however are the most frequently selected in 
many biomonitoring programs, particularly in assessing long- term effects (several 
years), as a result of ease of sampling , possessing adequate tissue for analysis and being 
of human dietary interest  
The US Environment Protection Agency (USEPA. 2000b)  recommended the target 
species for a biomonitoring program as follow: 
- One bottom-feeding species 
- One predator species 
Two main approaches are considered in biomonitoring, namely the evaluation of toxic 
metals in edible tissues in relation to human health and using fish tissues as biomonitors 
of metallic pollutants (Phillips. 1980, Szefer, et al. 2003). 
 
With respect to human health, fish fillets are frequently focused on while the liver and the 
gill or the whole fish are analyzed with the purpose of using these tissues as pollutant 
indicators (USEPA, 2003). 
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1.3 The Saigon River and environmental issues in the Ho Chi Minh City 
 
1.3.1  Introduction to the Saigon River 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Picture 1.1 A view of the Saigon River (Binhthanh District, Dec- 2003) 
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The Saigon River rises from the north of Ho Chi Minh City and flows through the 
Hocmon Province to Binhthanh District, 1
st 
District, 2
nd
 District and Nhabe district before 
continuing to the East Sea. The river is about 250 km long with a catchment area of 5500 
km
2
. It contributes seven main waterways and drainage systems to the city: Tham luong 
canal- Vamthuat waterway, Tanhoa- Logom canal, Tauhu- Bennghe canal, Nhieuloc- 
Thinghe canal, Kenhdoi- Kenhte, Cangiuoc-Muongchuoi waterway and Nhabe- Ngabay 
River (DOSTE. 2002). The total capacity of the river is about 30 billion cubic meters per 
year (Monre and Danida.  2003). 
 
There are two seasons in the area; the wet season is from May to Oct, the dry season is 
from Oct to Apr. In the wet season, the heaviest rainfall occurs in June and September 
with an average rainfall of 250 to 330 mm/month. The volume of evaporated water is 
from 3- 5 mm/day in the wet season while the evaporated water is from 100 – 180 
mm/month in the dry season (DOSTE. 2002). Over the years, a stable water level regime 
has been recorded in the Saigon River and the difference between maximum peak tides 
and minimum low tides was found to be only between  22 cm and 75 cm respectively 
(SIWRR. 2003). In addition, the downstream area of the river turns salty in the dry 
season due to the entering of sea water from the East Sea.  
 
The Saigon River is an important water resource for the city. Presently, the river supplies 
about 10% the use of water (10,000m
3
/day) for more than 7 million people and industrial 
needs in HCMC, however, the city has a  plan to increase the supply to 300,000 m
3
/day 
by 2009 (DOSTE. 2002). The river is also the main water source for agriculture. The 
main water use is for rice fields (80,000 ha), vegetables (4,000 ha), peanuts (6,500 ha), 
sugarcane (6200 ha), rubber (2600 ha), mixed gardens and orchards (11,000 ha) and 
32,500 ha protected forest (Thuyet, et al. 2005). In addition, the river is also a water 
source for more than 6,050,000 square metres water surface of aqua-culture farms 
producing about 4,000 tons per year (Hung. 2002) 
(Source: http://www.pso.hochiminhcity.gov.vn/CucThongKe/index.html) 
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 Besides being an important water resource, the river is also the main drainage system 
and receives sewage from the wastewater system of the city. Most of the domestic 
wastewater, industrial waste water from 13 Industrial Zones and storm water are 
discharged directly to the river without secondary treatment. The river also receives all 
agricultural runoff (Oanh. 2001).  
 
The Saigon River is relatively rich in biodiversity. It is a part of the Mekong River 
System which has more than 1200 fish species and as many as other aquatic species, the 
Saigon River has a full range of aquatic animal (MRC. 2003). There are about 5- 15 fish 
species harvested from the river and some of them are aquacultured.  
 
Ho Chi Minh City is well serviced by the Saigon River for local activities. Except in 
some inner districts, the water from the Saigon River plays a vital role in aquaculture and 
agriculture particularly in rural districts: Hocmon and Cuchi (beyond Vamthuat area), 
District 9 (next District 2) and Binhchanh (beyond Nhabe area)(Hung. 2002). The food 
source delivered from aquaculture is considerable with about 4,000 tons per year (Hung. 
2002). There is little information of the estimation on vegetable production from these 
areas, however with 4,000 ha for vegetables (DOSTE. 2002), the amount is possible at 
quite high. 
 
1.3.2 Environmental threats to the Saigon River 
 
Associated with recent rapid development, Ho Chi Minh City now faces many 
environmental problems. High concentrations of air pollutants were detected at many 
sites in the city by environmental monitoring in 2003. The results of the study recorded 
Pb (1-4 microgram/ m
3
), NO2 (0.255 mg/m
3
, 2.55 times the permitted standard), CO 
(15.46 mg/ m
3
; 3 times the permitted standard) while  a high dust concentration was also 
measured (Mai and Quang. 2003). Moreover , the Department of Science Technology 
and Environment (DOSTE. 2002) and  Giang (2005)  also warned that the pollution 
situation has still not improved. Water pollution in the Saigon River, however, is the most 
serious environmental issue in Ho Chi Minh City. Every day, about 479000 m
3
 of 
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domestic wastewater from 7 million people is discharged directly to the river without 
treatment (UNEP. 2002). The leakage of wastewater from waste sites of the city is also a 
source of pollution; the leakage to the Saigon River from the biggest waste site of the 
city, Dong Thanh landfill, which turned the Thamluong Canal to black, was reported by 
Hiep and Truong (2003). Beside the domestic wastewater, the Saigon River also suffered 
from agricultural runoff. Huan (2002) in a study on pesticides in Vietnam showed that 
there were about 13000 – 15000 tons of pesticides used in the Ho Chi Minh area and 
considerable agricultural waste, even though it has not been estimated yet, was 
discharged to the Saigon River as a consequence. This waste continues to increase due to 
the annual increase of pesticide applications.  
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Picture 1.2 City dwellers – District 2, Dec- 2003  
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Industrial activities, however, are considered to be the dominant pollutant source to the 
Saigon River. There are about 30,000 small industrial production units in Ho Chi Minh 
City. Most of these factories do not have adequate wastewater treatment system (Oanh. 
2001). Daily, about 461000 m
3
 wastewater from these units was discharged to the river 
and caused serious pollution issues (Hiep and Truong. 2003). A study conducted in 2001 
by the United Nation Environment Program (UNEP. 2002) showed that biological 
oxygen demand (BOD) in the surface water of the river was 3-28 times the Vietnamese 
standards resulting in a low concentration of dissolved oxygen (<1 mg/liter) for 
organisms to survive in. 
 
Although organic pollution is a serious environmental issue in Ho Chi Minh City, trace 
metal pollution has also been raised as a serious problem. According to UNEP (2002), 
there was 25.5 ton of Hg, 77 tons of Zn and 102 tons of Pb loaded into the Saigon River 
every year. Consequently, the presence of some heavy metals such as Pb, Hg, Cr and Cd 
have been detected in the river (VEPA. 2003).  
  
Even though there have been some investigations of pollution in the river, there is little 
information on the bioaccumulation of pollutants, especially trace metals by organisms in 
the Saigon River. This study aims to fill this gap by investigating the bioaccumulation of 
trace metals in tissues of three species: Snake Headfish (Channa striata ), Swamp eel 
(Monopterus Albus) and water spinach (Ipomoea aquatica). These species were selected 
because they meet the requirements for biomonitoring: Relevant, Reliable, Robust, 
Responsive and Reproducible (Source: 
http://euclid.dne.wvfibernet.net/~jvg/Env222/In_situ_Biomonitoring.html). Moreover, 
they are also edible and consumed by local people as food sources. 
 
1.4 Study objectives 
 
The objectives of the study were to assess the concentration of trace metal contaminants 
in the water and the sediment. The correlation between the contaminants in biota and 
those in the environment was also investigated. The study also investigates the 
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differences in trace metal bioaccumulation by the different species. Trace metal 
bioaccumulation by the selected species was compared between the dry season and the 
wet season. Finally, the study was aimed at assessing the risk of trace metal exposure to 
humans consuming biota from the Saigon River. 
                                                          Biomonitoring of trace metals in the Saigon River 
29 
 
1.4.1 Selection of study sites 
 
 
 
 
Picture 1.3 Map of the Saigon River 
Site 3: District 2 
Site 2: Thanhda 
Island 
Site 1: Vamthuat 
Site 2: Thanhda 
Island
Site 1: Vamthuat 
HOCHIMINH CITY 
CENTER 
SAIGON RIVER 
Site 3: District 2 
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1.4.1.1 Site 1: Vamthuat confluence 
 
The Vamthuat canal is the one of the most important canals of the city. It starts from the 
west of the city and flows in an easterly direction to the Saigon River, crossing through 
the Tanbinh, Hocmon and Govap district. The canal not only supplies water for 
aquaculture and agriculture on the left bank but also plays an important role as a 
drainage system for such production in the above districts. Besides that, the canal is the 
main channel of discharge water from the dumping ground of the whole city. The 
Vamthuat canal is also a main route of transportation from the river to inner Ho Chi 
Minh City (SIWRR. 2003).  
 
The Vamthuat canal has been described as the most polluted waterway in the city. As a 
result of the increase in economic activities, the load of pollutants into the river has 
increased significantly. Along the canal, there are more than 2000 factories most of 
which have no adequate water treatment systems (Oanh. 2001). Agriculture is also a big 
pollutant source where a ton of pesticide has been used annually (Huan. 2002, Quang. 
2002). The canal also receives the waste from city dwellers along the canal where the 
waste collection and treatment system is still not effective. Even though the environment 
of this area is highly polluted, the area still plays a very important role in the economy: a 
thousand square meters of surface water is used for aquaculture and water supply from 
this canal which is the main source for agricultural production of rice and vegetables 
(SIWRR. 2003). The Vamthuat confluence with the Saigon River was chosen as the first 
study site with the aim of assessing the risk to the community of the City as a result of 
consumption of food from the river. 
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Picture 1.4 Vamthuat confluences, Dec- 2003 
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1.4.1.2 Thanh Da Island 
 
 Thanhda Island, about 7 km southwest of the Vamthuat confluence, is located on the 
right side of the river. The island is surrounded by the river and the Kinh Canal. Most of 
the land area here is used for agriculture and aquaculture. Water from the river enters the 
island through many small canals in the island. Opposite the island is a port and 
workshop for boat maintenance.  
The pollutant sources to the island mainly come from the river. At the southern end of the 
island, the Logom canal (7.2 km), flowing through Binhthanh district, has also been a 
pollutant source to the island.  
 
 
 
 
 
 
 
 
Picture 1.5 An aquaculture farm at Thanhda Island, Dec- 2003 
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1.4.1.3  Site 3: District 2
nd
 (D2) area 
 
The site is a wide area situated at the confluence of the Saigon and Dong Nai Rivers, 
about 10 km southwest of Thanhda Island. District 2 has a dense canal network which is 
the main waterway for agriculture and aquaculture. 
 
Due to the main economic activities in the area being agricultural and aquacultural, the 
site receives less pollutants from industrial activities than other sites (Phuong, et al. 
1998). The site, however, may be influenced by wastewater from the Nhieuloc-Thinghe 
canal, which is referred to as the most polluted canal in the city, because Nhieuloc- 
Thinghe canal and District 2 are on opposite sides of the river in the same area.     
 
 
 
 
 
 
Picture 1.6 District 2 area, the Saigon River (Dec- 2003) 
                                                          Biomonitoring of trace metals in the Saigon River 
34 
 
1.5 Species selection  
 
To assess the health of the aquatic environment, aquatic organisms are usually used as  
biological monitors because they tend to accumulate pollutants from their environment 
and reflect the combined effects over a period of time (Rainbow. 1996). Study species are 
often chosen depending on the monitoring purpose and the information available on 
environmental contamination. If the information on pollutants is available, certain 
indicators could be chosen for a optimum use or cost. When pollutant types are not 
known and/or less is known about species tolerance levels, monitoring of indicators and 
behavioral changes of organisms are often used in biological assessments (Johnson, et al. 
1993).  
 
 
In this study, the risk of trace metal exposure to humans consuming biota from the Saigon 
River was an important question therefore fish were chosen for the study. In order to 
meet the requirements of monitoring species (USEPA. 2000b), Channa striata (snake 
headfish),was selected as the predator species (Source: 
http://www.fishbase.org/Summary/SpeciesSummary.cfm) . Channa striata is a native 
species of the river and is described as the top consumer in the ecosystem. They can live 
in a variety of habitats and relatively deep water (1-2 m) at tropical temperature (between 
23 and 27
0
C) and feed on small fish, insects, earthworms. The size of a mature snake 
headfish is about 300 mm and the length can reach about 900 mm. The maximum 
published weight of this species is 3000g. These fish survive the dry season by burrowing 
in the bottom mud of the river, and reproduce several times a year. In the Saigon River, 
snake headfish (known as headfish in Vietnam) are widely distributed and cultured. 
Snake headfish are routinely caught and consumed by local people as an important 
protein source in Ho Chi Minh City. 
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Picture 1.7 Mature snake headfish (Channa striata) 
                                                          Biomonitoring of trace metals in the Saigon River 
36 
 
 To study the relationships between the sediment and biota, the swamp eel Monopterus 
albus was chosen as another test species. The species occurs in muddy ponds, swamps 
and rice fields and burrows in moist earth in the dry season surviving for long periods 
without water. They are nocturnal predators devouring fish, worms, crustaceans, and 
other small aquatic animals. During the dry season the deepest parts of swamps are 
excavated to find them. The maximum recorded size of the eel is about 1000mm. 
(Source: http://www.fishbase.org/Summary/SpeciesSummary.cfm). 
 In the Saigon River, this species are widely distributed and they are also an important 
food source. 
 
 
Picture 1.8 Swamp eel (Monopterus albus) 
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Water spinach (Ipomoea aquatica) was chosen in order to study the integration of 
pollutants into aquatic plants. I. aquatica is a native species of water surface of the 
Saigon River and also is widely cultured as vegetable product for the city.  
 
 
 
 
 
 
Picture 1.9  Water Spinach pond (Ipomea aquatica) 
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Chapter 2: 
 
MATERIALS AND METHODS 
 
2.1 Sample collection and preservation 
 
2.1.1 Methodology for coding samples 
 
All collected samples were coded as follows:  
Sample name , Site- Sampling time,  Number of sample, Site of collection 
- Vamthuat is  VT 
- Thanhda is TD 
- District 2 is D2 
- Nhabe is NB 
Species 
- Headfish is H 
- Ell is E 
- Spinach is S 
- Water is W 
- Sediment is Sd 
Example: HTD-101  means  
H   : Head fish 
TD : Thanhda site 
1 : The first sampling time 
01  : Sample number one 
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2.1.2   Description of sampling location of water and sediment 
Table 2.1 Description of study site 
Site Code in 
the study 
Description of location for water sampling 
Vamthuat VT At confluence with the Saigon river, about 
 5-10 m from the banks 
Thanhda island TD Eastern site of the island, about 5-10 m from the bank  
District 2 D2 2 km from the confluence with the Saigon river, about 5-10 
m from the banks 
Nhabe NB 2 km northern from confluence with the Dongnai River, 
about 5-10 m from the banks 
 
Table 2.2 Sampling schedule :  
+ denotes that samples were collected in that month 
_ denotes that samples were NOT collected in that month 
Sample/time January March May July October December 
Water No + + + + _ 
Sediment _ + + + + _ 
Spinach _ + + + _ + 
Snake head + + + + + + 
Eel + + + + + + 
 
2.1.3 Sampling of Water 
All water samples were collected using twin- bottle sampler (Picture 2.1) similar to the 
equipment described by Dean (2003)  at all sampling location with three replicates. All 
the samples were taken from about 1 m under the surface of the water. The three samples 
were then mixed, acidified to pH< 2 using 5% nitric acid and filtered with a Millipore 
filter (0.45µm). The procedure was repeated to prepare the second and third mixed water 
samples. Three filtered mixed samples were preserved in separate plastic bottles at 4
0
C in 
a freezer. The procedure of preservation and storage were as described by  Magadalena, 
et al. (2003).  
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Figure 2.1 Twin- bottle sampler- described by (Dean. 
2003) 
Water input 
Air output 
Sample 
container 
(inside) 
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2.1.4 Sampling of Sediment  
 
The method of (Dean. 2003) was used to sample sediment. The samples were taken using 
plastic bottles at the selected sites with three replicates. The sampling was always 
conducted at low tide, all the samples were taken 0-20 cm from the surface at the site 
where water samples were collected. The procedure was repeated for the second and the 
third mixture at about 5- 10 m from the first sampling point. The three mixtures were 
then put into separated plastic bottle and preserved in the freezer at 4
0
 C.  
 
2.1.5 Sampling of Water spinach  
 
Twenty water spinach samples were collected 0-20 m from the spot where water and 
sediment samples were taken at each site. The edible portion of spinach including leaf, 
stem and body was cut and sampled using a stainless steel knife. The samples were 
washed using site water and rinsed with pure water. The samples were stored in a plastic 
box with the name of site and the date of collection and transported back to the 
laboratory.  
2.1.6 Sampling of Snake headfish and eel 
Snakehead fish and eel were purchased from fishermen. To ensure the samples were 
collected and handled properly, instructions were provided in which the devices, tools 
and requirement on weight and size of fish/eel were described to the fishermen. Live 
samples were collected at sites on the morning of the sampling date and transported to the 
Laboratory in a plastic box with a small amount of water.  
2.2 Preparation of fish sample 
This study examined trace metals only in the muscle and liver of fish. Muscle was been 
chosen because it is the edible part and the result from measuring metals in muscle is 
used to assess the risk of trace metal exposure to humans consuming fish from the Saigon 
River. Liver, however, was chosen because the metal bioaccumulation in liver is relative 
higher than any other tissues in biota, so it can be a good environmental indicator of trace 
metal contamination (Galindo, et al. 1986) 
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2.2.1 Snake Headfish 
 
The USEPA procedure for scale fish (USEPA. 2000a) was employed to obtain tissue. 
Individual fish were weighed on a balance (Nhonhoa, Model CNH-1, ±5 g); the length 
was also measured. The data were then recorded. The fish were then killed by a blow to 
the head using a pestle and removing scales using a stainless steel knife. The fish was 
then rinsed with pure water to remove slime and contamination. After being allowed to 
dry, the section of fish was placed on a clean plate; the liver was removed first and the 
body was filleted. The fillets were ground using a grinder to homogenize the tissue. The 
mixture and the liver were kept in coded plastic bottles and preserved at -20
0
C in a 
freezer. All tools used for dissection were washed with soap and rinsed with pure water. 
Rubber gloves were employed for the dissection. 
2.2.2 Swamp eel 
 
The USEPA procedure for scaleless fish (USEPA. 2000a) was employed to process the 
samples. Every sample was weighed on a balance (Nhonhoa, Model CNH-1, ±5 g). The 
data were recorded. The eel was then killed by a blow to the head using a pestle and cut 
into 5 cm lengths to remove skin and bone. The tissue was then rinsed with pure water to 
remove slime or contamination and left to dry before homogenization. Liver was 
analyzed in this species. The fillets after dissection were ground to homogenization. The 
mixture was kept in a coded plastic bottle and preserved at -20
0
C in a freezer. All tools 
used for dissection were washed with soap and rinsed with pure water. Rubber gloves 
were employed for the dissection. 
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2.3 Method description  
 
The glassware for analysis were washed with detergent, rinsed in de-ionized water then 
soaked for  2 h in 50% HCl and rinsed in de-ionized water again before use. The 
procedure of cleaning was as described in the AOAC Official Method (AOAC. 1993) and 
it was applied for all analytical glassware. 
 
2.3.1 Method for detection of metals other than Hg in water 
 
The method used for detection of metals in water was as described by the USEPA 
(USEPA. 1982). The water sample was filtered with Millipore (0.45um) to separate solid 
matter content. A 100 mL graduated cylinder was used to take 100 mL of the acid-
preserved sample which was transferred to a 250 mL beaker. 3 mL 60%HNO3 was added 
to the sample which was then evaporated (without boiling) in a hot sand bath until the 
volume was reduced to 10- 15 mL. The sample was cooled and 5 mL 65% HNO3 added. 
The beaker was covered using a watch glass and heating continued until the volume of 
the solution was about 10 mL. After cooling the sample to room temperature, 10 mL 
30%HCl and 15 mL double de-ionized water was added and the sample heated until the 
volume reduced to 15- 20 mL. The sample was then cooled down again and prepared to 
an exact volume of 25 mL with double de-ionized water in a 25 mL volumetric flask. The 
solutions were then analyzed for total Cu, Zn, Cr, Pb and Cd on ICP-AES (Varian Liberty 
ICP-AES Series II). The wavelengths used for Cu, Zn, Cr, Pb, Cd were 324.754 nm, 
213.856 nm, 267.716 nm, 220.353 nm and 228.802 nm respectively. 
 
A blank sample was also performed following the above method in order to determine 
metal concentration in de-ionized water without the addition of any river water sample in 
the digestion process. 
 
 The concentrations of the metals in water were calculated as followed: 
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M (mg/l) =[(
1000
nk readingbla ICP -(ppm) plereadingsam ICP
x 25) x10]/ 1000 
 
 
 
The method employed in the study is summarized in the following flow chart: 
Water 
100 mL 
HNO3 5% 
Acidified 
(pH<2) 
Digested 
(to 15 mL) 
Filtered 
(0.45um)  
ICP-AES 
Diluted  
(to 25 mL) 
HNO3 65%, 90
0
C 
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2.3.2 Method for detection of metals other than Mercury in sediment 
Sediment samples were prepared based on AOAC Method 990.08 (AOAC. 1993). Since 
the results of analyses were expressed on a dry weight basis, the percentage moisture 
content of each sample was determined. Approximately 2 g wet weight of the sample was 
dried at 105
0
C for 48 hrs, the dried sample was weighed and the wet/dry weight ratio (a 
%) was calculated. 
To analyze the sediment sample, approximately 1 g of well- mixed wet sample was 
weighed to the nearest 0.001 g into a 250 mL- beaker. 10 mL 65% HNO3 was then added 
and the beaker was covered with a watch glass and the mixture heated to 95
0
C. The 
solution was refluxed for 10-15 minutes. The digest was allowed to cool down, then 5 
mL 65% HNO3 was added and the solution refluxed for another 30 min at 95
0
C. The 
solution was then evaporated to ca 5mL without boiling.  
Samples were cooled down then 2 mL de-ionized water and 3 mL 30% H2O2 were added. 
The beaker was covered with a watch glass and heated slowly until bubbles appeared. 
The solution was cooled again and 7 mL 30% H2O2 in 1 mL portions was added with 
warming.  
The solution was cooled again; 5 mL 35% HCl and 10 mL water were added and heated 
without boiling for 15 min. The solution was then cooled and diluted to 100 mL with 
double de-ionized water. The diluted solution was finally  left to settle in order to remove 
particulate matter. 
 
A blank sample was also performed following the above method on every occasion in 
order to determine metal concentration in de-ionized water but no sample was used for 
digestion in preparation of the blank. 
 
The measurement of Cu, Zn, Cr, Pb and Cd in the solutions was conducted on a ICP-AES 
(Varian Liberty ICP-AES Series II). The wavelengths used for Cu, Zn, Cr, Pb, Cd were 
324.754 nm, 213.856 nm, 267.716 nm, 220.353 nm and 228.802 nm respectively. 
 The concentrations of the metals in water were calculated as followed: 
 
M (mg/g) = (
1000
(ppm) ading]ICPblankre-reading[ICPsample
/10)/ (sample weight* a) 
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The method employed in the study is summarized in the following flow chart: 
Sediment 
HNO3 5% 
Acidified 
(pH<2) 
Digested 
Weighed 
Diluted  
(to 100 mL) 
HNO3 65%, 90
0
C 
HCl 35%, H2O2 30% 
ICP-AES 
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2.3.3 Method for estimation of metals in water spinach 
 
The preparation process for water spinach sample was based on the instructions of the 
National Forage Testing Association, of the United States (NFTA) for wet samples 
(NAFTA. 2002). Twenty water spinach samples were placed in the Memmert Dryer at 
60
0
C for 24 hrs, cooled down at room temperature and ground using a Phillips Grinder.  
 
The AOAC Official method 975.03 (AOAC. 1988) was employed to analyze the spinach 
samples. Using an electronic balance, 1 g ground dried sample was weighed accurately 
into a glass tube. 10 mL 65% HNO3 was then added and soaked. The sample was then 
allowed to settle, 3 mL 60% HClO4 was added and the solution heated on the Digestor 
2012 at 200
0
C for about 4 hrs. The digestion was completed once white smoke appeared 
and the solution turned clear. The sample was then cooled to room temperature, 1 mL 
65% HNO3 added and diluted to an exact volume of 50 mL with double de-ionized water. 
The solution was then analyzed for total Cu, Zn, Cr, Pb and Cd on the ICP-AES. The 
wavelengths used for Cu, Zn, Cr, Pb, Cd were 324.754 nm, 213.856 nm, 267.716 nm, 
220.353 nm and 228.802 nm respectively. 
 
A blank experiment was also performed following the above method in order to 
determine metal concentration in de-ionized water but no sample was put into the 
digestion tube. 
 
The concentrations of the metals in the dry spinach samples were calculated as follows: 
 
Mspinach (ug/g) = 
(dry)g weight Sample x 1000
)ading](ppmICPblankre - reading[ICPsample
x 50  
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The method employed in the study is summarized in the following flow chart: 
 
Water 
spinach 
Dry 
(60
0
C) 
Digested 
Homogenised  
HNO3 65%  
Diluted 
HClO4 60% 
ICP-AES 
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2.3.4 Method for detection of metals other than Hg in fish tissues 
 
The method for detection of metals was based on the AOAC 1098. 
Approximately 5 g of wet homogenized sample was accurately weighed using an 
electronic balance +/- 0.0001 g into a dried 100 mL- glass tube. The sample was then 
dried for 48 h at 60
0
C using a Memmert Drier. The dry sample was weighed in order to 
determine the moisture content, usually approximately 80%. 10 mL 65% HNO3 was then 
added and the sample left overnight.  
 
The sample was placed in the Digestor 2012 to digest at a temperature of 200
0
C for about 
4 hrs. The digestion was completed once white smoke appeared and the solution turned 
clear. Sample was then cooled to room temperature, 1 mL 65% HNO3 was added and 
then diluted to 50 mL with double de-ionized water. The solution was then analyzed for 
total Cu, Zn, Cr, Pb and Cd on ICP-AES. The wavelengths used for Cu, Zn, Cr, Pb, Cd 
were 324.754 nm, 213.856 nm, 267.716 nm, 220.353 nm and 228.802 nm respectively.   
 
The blank experiment was also performed following the above method in order to 
determine metal concentration in de-ionized water but no fish sample was put into 
digestion tube. 
 
 
The concentrations of the metals in the fish tissues were calculated as followed: 
 
M (ug/g) = 
(dry)g weight Sample x 1000
(ppm) adingICPblankre -eadingICPsampler
x 50x 1000 
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The method employed in the study is summarized in the following flow chart: 
Fish tissues 
5g 
Dry for 48h 
(60
0
C) 
Digested 
 
Determined 
dry weight  
HNO3 65%  
Diluted to 50 
mL 
HClO4 60% 
ICP-AES 
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2.3.5 Method for detection of Hg in sediment 
 
The method followed was that described by Elrick and Horowitz (1987).  
Sediment samples were dried at room temperature and milled using agate mortar and 
screened using 100 mesh-sieves. 0.5000 g of fine sample was weighed into a digestion 
tube; 9 mL of 60%HNO3 and 3 mL 30%HCl were added into the tube and swirled to mix 
the solution. Once excessive foaming stopped, the tube was heated on the Digestor FOSS 
2020 at 150
0
C for 30 min. The tube was allowed to cool to room temperature for ten 
minutes, and 5 mL K2Cr2O7 solution was then added. The solution was diluted to an 
exact volume of 50 mL with water and the Hg concentration was measured on the AAS 
(Varian Spectra 100/200). The wavelength applied for Hg detection was 253.7 nm. 
 
A blank sample was also prepared following the method in order to determine the metal 
concentration in de-ionized water but no sediment sample was put into the digestion tube. 
 
The concentrations of Hg in fish tissues were calculated as followed: 
 
M (mg/g) =(
 weightsample x 1000
ading(ppm)AASblankre  - eadingAASsampler
)x 50 
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The method employed in the study is summarized in the following flow chart: 
Wet sediment 
Dry  
(Room temp.) 
Digested 
 
Milled and 
screened 
HNO3 65%  
Diluted to 50 
mL 
HCl 30% 
AAS 
K2Cr2O7  95% 
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2.3.6 Method for determination of Hg in fish tissue and water spinach 
 
Mercury (Hg) in fish tissue and water spinach was determined following the AOAC 
Official Method 977.15 (AOAC. 1978).  
5.0 g to the nearest 0.001 g wet weight of homogenized sample was taken into a digestion 
flask using the electronic balance Shimazu BX420H. 10-20 mg V2O5 and 20 mL H2SO4 –
HNO3(1-1) was added into the flask. The flask was then connected to 2020 Digestor 
FOSS condenser with circulation of cold H2O. The digestion took place at 150
0
C in 1 hr. 
Once the digestion was completed, five drops of 30% H2O2 were added into the flask. 
The flask was then removed from the Digestor, cooled down at room temperature and 
diluted to 100 mL using a 100 mL volumetric flask.  
 
A blank sample was also prepared following the above method in order to determine 
metal concentration in de-ionized water but no fish sample was put into digestion flask. 
 
The Hg in the solution was measured using the AAS (Varian Spectra-22) at a wavelength 
253.7 nm. 
The concentrations of Hg in fish tissues were calculated as followed: 
 
M (mg/l) =(
 weightsample x 1000
(ppm) adingAASblankre -ingsampleread AAS
x 100 
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The method employed in the study is summarized in the following flow chart: 
HNO3 65%  
H2SO4  95% 
Wet base 
Weigh 
Digested at 
150
0
C 
 
Add V2O5 
Diluted to 100 
mL 
AAS 
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2.4 Materials and equipment used in analysis 
 
All analytical procedures were conducted in the ICP-AAS Lab, Center for Analytical 
Service and Experimentation (CASE), Ho Chi Minh City. Materials and equipment used 
in analysis are listed in the Appendix 2.1 
 
 
 
 
 
 
 
 
 
 
 
 
           
      Picture 2.2  The ICP- AES machine (Model Liberty Series II, Varian) 
 
 
 
 
 
 
 
 
 
 
 
           Picture 2.3 The AAS  machine (Model Spectra 100/200, Varian)
                                                          Biomonitoring of trace metals in the Saigon River 
56 
 
2.5 Data analysis: 
 
Data were analysed using the statistical software SPSS.  The relationships between 
metals in the river and biota were analysed using Analysis of variance (ANOVA).  
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Chapter 3 
 
RESULTS 
 
3.1. Water and sediment quality 
 
3.1.1 Copper (Cu) 
 
Figure 3.1 displays the mean Cu concentration in the water from the Saigon River.  No 
trace of Cu was found in water at the three sites in May. The concentration at Thanhda 
appears to be generally higher than those at Vamthuat and D2. The highest level of this 
metal at all three sites was observed in October when the water at Thanhda contained 
5.90µg.l
-1
(Appendix 3.1). A significant difference in Cu in the water at Vamthuat and 
Thanhda was revealed (Tukey’s post hoc test p<0.05) while no significant difference 
between Vamthuat and D2 was found. Similarly, Cu in the water of Thanhda was not 
significantly different from that of D2 (Tukey’s post hoc test p>0.05). Significant 
differences in Cu between months were found at the three sites (result from ANOVA, 
p<0.05). 
 
Cu was present in all sediment samples from the three sites (Figure 3.2). At Vamthuat, 
the sediment generally contained higher Cu than at the other sites and the concentrations 
remained stable during the sampling period ranging from 41.6± 0.57 to 46.3± 0.083µg.g-1 
dry weight (Appendix 3.2).  The range of Cu concentration at Thanhda was 20.4±0.21 to 
47.4±9.62µg.g-1 dry weight while it ranged from 14.8±0.57 to 34.6±0.39µg.g-1 dry weight 
at D2 (Appendix 3.2). The highest concentration of Cu was detected in sediments at 
Vamthuat and D2 in March while in Thanhda it was in May. No significant difference in 
Cu in the sediment of Thanhda and D2 was displayed (Tukey’s post hoc test p>0.05) 
while significant differences among Vamthuat, Thanhda and D2 were observed (p<0.05). 
Significant differences in Cu in sediment in different months was found at all sites (result 
from ANOVA, p<0.05). 
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Figure 3.1 Mean (+ Standard Error) concentration of Cu in water from the 
Saigon River in µg.l
-1
 
Figure 3.2 Mean (+ Standard Error) concentration of Cu in the sediment from 
the Saigon River in µg/g dry weight 
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3.1.2.  Zinc (Zn) 
 
Mean concentrations of Zn in the water and the sediment of the Saigon River are 
presented in the Figure 3.3 and Figure 3.4. The lowest concentration at Vamthuat was 
found in March while at Thanhda and D2 water Zn concentrations were lowest in May. 
The concentrations appeared to rise from May and reached  a maximum in October,  The 
maximum level at Thanhda (35.0±0.64µg.l-1) > Vamthuat (12.6± 0.39µg.l-1)> D2 
(11.5±0.34µg.l-1). It is noteworthy that the lowest level of the three sites followed the 
same order: Thanhda (5.7± 1.28µg.l-1) > Vamthuat (3.7± 0.52µg.l-1)> D2 (2.4± 0.16µg.l-
1
) (Appendix 3.1). 
A significant difference in  Zn between the water at D2 and Thanhda was observed 
(Tukey’s post hoc test p< 0.05) but there was no significant difference in Zn between the 
water from Thanhda and Vamthuat and between Vamthuat and D2 (Tukey’s post hoc test 
p>0.05) The result from ANOVA shows that Zn in the water at the studied sites was 
significantly different between months (Tukey’s post hoc test p<0.05). 
 
There was little variation in Zn concentration in the sediment of Vamthuat and D2 (from 
201.5± 3.38 to 242.0± 1.33µg.g-1 dry weight for Vamthuat and from 218.1± 8.25 to 
246.5± 6.87µg.g-1 dry weight for D2),the variation was greater at Thanhda (from 131.1± 
2.01 to 294.4± 56.89µg.g-1 dry weight) (Appendix 3.2).  Zn concentrations in the 
sediment at the three sites, however, did not differ significantly in any one month. 
However a significant difference in Zn concentration between months was found in the 
sediment of the three sites (Tukey’s post hoc test p<0.05) 
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Figure 3.3 Mean (+ Standard Error) concentration of Zn in water of the 
Saigon River in µg.l
-1
 
Figure 3.4 Mean (+ Standard Error) concentration of Zn in the sediment of the 
Saigon River in µg/g dry weight 
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3.1.3. Chromium (Cr) 
 
Cr was always detectable in the water of Thanhda while it was not detectable at 
Vamthuat during the study (Figure 3.5).  At D2, Cr was detectable in the water in July 
and October. It is noteworthy that the maximum level of Cr (12.2± 8.97µg.l-1) was 
significantly higher than the minimum level (1.0±0.81µg.l-1) (Appendix 3.1). There were 
no significant differences between the three sites on those occasions when Cr was 
detected (Tukey’s post hoc test p>0.05). 
 
The sediment of Vamthuat contained more Cr compared to sediments from Thanhda and 
D2 (Figure 3.6); the minimum concentration at Vamthuat was 85.7± 1.46µg.g-1 dry 
weight even greater than  the maximum at Thanhda and D2 which were 44.3±4.70 and 
33.33±2.35µg.g-1 dry weight respectively (Appendix 3.2). In addition, the sediment at 
D2 was found to contain a higher concentration of Cr than that of Thanhda in May, July 
and October. A significant difference in Cr between the sediment of Vamthuat and the 
other sites was also recorded while no significant difference between Thanhda and D2 
was found. There were no significant differences between the three sites on those 
occasions when Cr was detected (Tukey’s post hoc test p>0.05) 
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Figure 3.5 Mean (+ Standard Error) concentration of Cr in the water of 
the Saigon River in µg/l 
Figure 3.6 Mean (+ Standard Error) concentration of Cr in the sediment of the 
Saigon River in µg/g dry weight 
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3.1.4. Lead (Pb) 
 
The results for the analysis of Pb in the water and in the sediment are shown in the 
Figure 3.7 and Figure 3.8. Concentrations of Pb in the water of Vamthuat were always 
considerably high in comparison with those at the other sites; the maximum level at 
Vamthuat was 3 times higher than that at Thanhda and 4 times that of water at D2. In 
addition, the minimum concentration at Vamthuat was 12 times higher than that at 
Thanhda and 4 times that of D2. It is noteworthy  that the maximum level of Pb was 
observed in October at all sites (14.6±0.31, 4.8±0.07 and 3.6±0.14µg.l-1 for Vamthuat, 
Thanhda and D2 respectively) while the lowest levels were found in March (8.3±6.38, 
0.7±0.10 and 2.0±0.16µg.l-1 for Vamthuat, Thanhda and D2 respectively) (Appendix 
3.1). No trace of Pb was found in May in the studied sites. There was no significant 
difference in Pb in the water between Thanhda and D2 while a significant difference was 
found between Vamthuat and Thanhda (Tukey’s post hoc test p<0.05). Moreover, Pb in 
the water at Vamthuat was also significantly different from that of D2 (Tukey’s post hoc 
test p<0.05). Significant differences in Pb between months were found at the three sites 
(Tukey’s post hoc test p<0.05). 
 
The concentrations of Pb in the sediment at Vamthuat approximated to 30µg.g
-1
 dry 
weight during the study (Figure 3.8). Those in the sediment of Thanhda also 
approximated to 20µg.g
-1
 dry weight with the exception of July; when the concentration 
reached 134.3±107.79 µg.g-1 dry weight. The concentration of this metal also varied 
slightly at D2 ranging from 15.9±0.54- 22.7±0.82µg.g-1 dry weight (Appendix 3.2). 
ANOVA showed no significant difference in Pb between the sites (Tukey’s post hoc test 
p>0.05). In addition, there was no significant difference in Pb between March, May, July 
and October in Vamthuat was found by ANOVA. 
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Figure 3.7 Mean (+ Standard Error) concentration of Pb in the water of the 
Figure 3.8 Mean (+ Standard Error) concentration of Pb in the sediment of the 
Saigon River in µg/g dry weight 
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3.1.5 Cadmium (Cd) 
 
Cd was detectable in the water of three studied sites during the project with the exception 
of May (Figure 3.9). The concentration of this metal appears to be higher at Vamthuat 
than at Thanhda and D2 in both March and October; with the concentration observed at 
Vamthuat 0.23±0.155µg.l-1 in March and 0.12± 0.07 and 0.1± 0.04µg.l-1 at Thanhda and 
D2 respectively. In October, the values were 0.29± 0.043, 0.1± 0.06 and 0.1± 0.06µg.l-1 
respectively (Appendix 3.1). In July, the concentration of Cd in the water at Thanhda 
was higher than at Vamthuat and D2. However, Tukey’s post hoc test showed no 
significant difference between Cd in water among the three sites (p>0.05). No significant 
difference in Cd between months was observed at the three sites (ANOVA, p>0.05). 
 
Cd was not often present in the sediment (Figure 3.10). No trace was detected in May, 
July and October in the sediment at Vamthuat while the metal was detected at D2 only in 
October. At Thanhda, Cd was observed in May, and July with the maximum of 
0.29±0.043µg.g-1 measured in October (Appendix 3.2). Tukey’s post hoc test showed no 
significant differences in Cd between the sediment from the three sites. No significant 
difference in Cd between months was found at Vamthuat and D2 (ANOVA, p>0.05). In 
contrast, the concentrations of this metal in sediment was significantly different at each 
sampling time at Thanhda.  
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Figure 3.9 Mean (+ Standard Error) concentration of Cd in the water of 
the Saigon River in µg/l 
Figure 3.10 Mean (+ Standard Error) concentration of Cd in the sediment of the 
Saigon River in µg/g dry weight 
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3.1.6 Mercury (Hg) 
 
Hg was not detectable in the water of the studied sites but the metal was present in all 
sediment samples (Figure 3.11). The concentration of this metal in the sediment at 
Vamthuat tended to decrease from 154.0±5.98µg.g-1 dry weight in March to 
111.6±0.89µg.g-1 dry weight in October while at D2 the concentration decreased from 
March to 23.8±1.01 in May and then increased from May to 73.3±0.96µg.g-1 dry weight 
in October (Appendix 3.2). The maximum level of Hg in the sediment of Vamthuat and 
D2 was found in March at 154.0±5.98 and 132.2±3.01µg.g-1 dry weight while the 
maximum at Thanhda was in July at 169.5±0.46µg.g-1 dry weight (Appendix 3.2). 
Significant differences in Hg between the sediment of D2 and Vamthuat, D2 and 
Thanhda were found (Tukey’s post hoc test p<0.05) while there was no significant 
difference between Vamthuat and Thanhda. A significant difference in this metal in the 
sediment between months was found at all sites (Tukey’s post hoc test p<0.05) 
 
 
 
 
 
 
 Figure 3.11 Mean (+ Standard Error) concentration of Hg in the sediment of the 
Saigon River in µg/g dry weight 
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3.2 Metals in water spinach, snake head fish and eel 
 
3.2.1 Copper (Cu) 
 
Figure 3.12 shows mean concentrations of copper in water spinach of the Saigon River.  
Vamthuat and D2 had the highest concentration in May (9.8±0.40 and 8.4±0.06µg.g-1 dry 
weight respectively) while the maximum at Thanhda was in March (7.2±1.01µg.g-1 dry 
weight). While the Cu concentrations in water spinach of D2 were changed slightly in the 
range 7.8- 8.4µg.g
-1
 dry weight over the period of the project, a significant decline was 
observed at Vamthuat and Thanhda between May and December; the concentration fell 
from 9.8 to 5.1µg.g
-1
 dry weight  at Vamthuat and 7.2 to 2.1 µg.g
-1
 dry weight at Thanhda 
(Appendix 3.3). There was no significant difference in Cu between the samples from 
Vamthuat and the other sites (Tukey’s post hoc test p< 0.05); however a significant 
difference in Cu between the samples from D2 and Thanhda was found. 
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Figure 3.12 Mean (+ Standard Error) concentration of Cu in water spinach of the 
Saigon River in µg/g dry weight 
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The mean concentrations of Cu in the muscle and liver of snake head are presented in 
Figure 3.13 and Figure 3.14. At all sites concentrations were lower in the following 
months with the exception of samples from Thanhda. While the concentrations in the 
muscle at Vamthuat and D2 fell from 3.0±0.70 and 2.1±0.18µg.g-1 dry weight in March 
to the lowest value 0.12±0.08 and 0.19±0.10µg.g-1 dry weight in July, the lowest value at 
Thanhda was in December (Appendix 3.4).  After the lowest levels, the concentration of 
Cu in snakehead increased in October at Thanhda (5.6±3.20µg.g-1 dry weight) and in 
December at Vamthuat (0.8± 0.05µg.g-1 dry weight and D2 (0.8± 0.16µg.g-1 dry weight). 
ANOVA reveals that Cu in the muscle of snake head at Vamthuat was significantly 
different from that in the samples from Thanhda (Tukey’s post hoc test p<0.05). 
Significant difference in Cu between fish from Thanhda and D2 was also found (Tukey’s 
post hoc test p<0.05). 
 
The concentration of Cu in the liver was 23-191 times higher than that in the muscle of 
snake head from Vamthuat. At Thanhda and D2, this was 8-82 times and 13- 167 times 
higher respectively. The results show the decrease in the Cu concentration in the liver in 
July and the increases in the next months at both sites. No significant difference in liver 
bioaccumulation of Cu was revealed among the sites (Tukey’s post hoc test p>0.05). 
 
Figure 3.15 displays the concentration of Cu in the muscle of eel. The metal was always 
found in the samples from Vamthuat and Thanhda but no trace was present in the 
samples from D2 in March and May. The concentration of Cu in samples from Vamthuat 
increased from 0.5±0.15 in March to 3.0±0.66 in July then fell to 0.5±0.02µg.g-1 dry 
weight in December. At Thanhda, the level increased from 0.2±0.10 in March to 
1.6±0.27µg.g-1dry weight and dropped to 0.6±0.06 in December (Appendix 3.6).  The 
concentration of Cu in the muscle of eel from D2 tended to increase from January and 
reached the highest value (5.0±2.44µg.g-1dry weight) in October. Concentration of Cu in 
eel appeared not to be different among sites (Tukey’s post hoc test p> 0.05). 
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Figure 3.13 Mean (+ Standard Error) concentration of Cu in the muscle of snake 
head fish of the Saigon River in µg/g dry weight 
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Figure 3.14 Mean (+ Standard Error) concentration of Cu in the liver of snake 
head fish of the Saigon River in µg/g dry weight 
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Figure 3.15 Mean (+ Standard Error) concentration of Cu in eel of the Saigon 
River in µg/g dry weight 
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3.2.2 Zinc (Zn) 
 
Figure 3.16 shows the mean concentration of Zn in water spinach of the Saigon River. 
While the samples from Thanhda show a drop of Zn concentration from the highest value 
(39.7± 0.72) in May to the lowest (24.2±0.96) in October, the concentration of the 
samples from D2 increased from the lowest value (24.6±0.23) in May to the highest 
(38.8±1.00) in December (Appendix 3.3). Water spinach from Vamthuat had higher Zn 
than those from  Thanhda and D2 with the exception of March. ANOVA revealed no 
significant difference in Zn between water spinach samples from Thanhda and D2 
(Tukey’s post hoc test p> 0.05) while Zn in the samples of Vamthuat was significantly 
different from that in the samples from Thanhda and D2 (Tukey’s post hoc test p< 0.05). 
 
 
 
Figure 3.16 Mean (+ Standard Error) concentration of Zn in water spinach of the 
Saigon River in µg/g dry weight 
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The mean concentrations of Zn in the muscle and liver of snake head are displayed in 
Figure 3.17 and Figure 3.18. The concentration in the liver was always higher than that 
in the muscle: 4-6 times at Vamthuat, 4-9 times at Thanhda and 3-7 times at D2. The 
maximum level of Zn in the muscle was found in January at D2 (40.5±1.38), and in 
March at Vamthuat (39.0±6.35) and Thanhda (39.3±5.33); while the lowest was detected 
in July at both Thanhda (19.9±1.20) and D2 (18.8±0.88) (Appendix 3.4). Samples from 
both latter sites had Zn concentration in the muscle decreasing between March and July 
with an increase following this fall by December. There was little variation in Zn in snake 
head fish liver samples at D2 and, whilst peaks appeared to occur in Thanhda in May and 
Vamthuat in March, there was no significant difference between sites across all sampling 
events (Appendix 3.5). The bioaccumulated Zn in muscle in fish from  Vamthuat was not 
significantly different from that in fish from Thanhda and D2 (Tukey’s post hoc test 
p>0.05). No significant differences in bioaccumulation of Zn in liver was revealed among 
sites (Tukey’s post hoc test p>0.05). 
 
The results for Zn in the muscle of eel are presented in Figure 3.19. While the maximum 
Zn in eel was observed at Vamthuat and Thanhda (60.9±1.71 and 62.0±4.00 respectively) 
in July, in D2 the highest concentration was found in May (55.0±6.37) (Appendix 3.6). 
Thereafter, the concentration seemed to decrease from July to December in the muscle of 
eel sampled from all sites. Concentration of Zn in eel appeared not to be significantly 
different between the sites (Tukey’ s post hoc test p> 0.05). 
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Figure 3.17 Mean (+ Standard Error) concentration of Zn in the muscle of snake 
head from the Saigon River in µg/g dry weight 
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Figure 3.18 Mean (+ Standard Error) concentration of Zn in the liver of snake 
head from the Saigon River in µg/g dry weight 
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Figure 3.19 Mean (+ Standard Error) concentration of Zn in eel from the Saigon 
River in µg/g dry weight 
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3.2.3 Chromium (Cr) 
 
Figure 3.20 displays the mean concentration of Cr in water spinach from the Saigon 
River. The concentrations at both sites reached the maximum value in July: 2.0±0.20 at 
Vamthuat, 1.7±0.17 at Thanhda and 2.4±0.60 at D2. The concentrations then fell 
dramatically to 1.0±0.03 at Vamthuat and 0.9±0.17 at Thanhda while it decreased to 
2.3±0.18 at D2 (Appendix 3.3). No significant difference in Cr between the samples at 
the three sites was revealed (Tukey’s post hoc test p> 0.05) 
 
 
 
Figure 3.20 Mean (+ Standard Error) concentration of Cr in water spinach from 
the Saigon River in µg/g dry weight 
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 The concentrations of Cr in the muscle and the liver of snake head are displayed in 
Figure 3.21 and Figure 3.22. In Vamthuat, from March to July the concentration of the 
muscle dropped gradually from 3.6±0.62 to 0.14±0.05. After this period, Cr increased 
slightly to 0.16±0.02 by December. Similarities also existed in Thanhda and D2 where 
the concentration fell from 1.0±0.14 (Thanhda) and 1.7±1.05 (D2) in March to the 
minimum levels in July. Increases were also observed at Thanhda and D2 by December 
(Appendix 3.4). 
Similar to the variation of Cr in the muscle, the livers of snakehead from Vamthuat and 
Thanhda also had decreasing Cr concentrations from March to July (Figure 3.22). In 
contrast, the liver of D2 had the highest concentration in July. No significant difference in 
Cr between the liver samples from the three sites was found (Tukey’s post hoc test 
p>0.05). 
 
Figure 3.23 shows the mean concentration of Cr in the muscle of eel. The concentration 
in the samples from Vamthuat reached a peak (1.1±0.27) in March while the peak at 
Thanhda was in January (0.9±0.19) and the peak at D2 was in May (1.6±0.32) 
(Appendix 3.6). Both Vamthuat and D2 had Cr decreasing after the peak to the minimum 
level by October while eel from Thanhda showed a decrease to the minimum by March 
when no trace of Cr was detectable in the samples from Thanhda in March. 
Concentration of Cr in eel appeared not to be different between sites (Tukey’ s post hoc 
test p> 0.05). 
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Figure 3.21 Mean (± Standard Error) concentration of Cr in the muscle of snake 
head from the Saigon River in µg/g dry weight 
Figure 3.22 Mean (± Standard Error) concentration of Cr in the liver of snake 
head from the Saigon River in µg/g dry weight 
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Figure 3.23 Mean (± Standard Error) concentration of Cr in eel from the Saigon 
River in µg/g dry weight 
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3.2.4 Lead (Pb) 
 
Lead was often detectable in water spinach samples with the exception of July at 
Thanhda (Figure 3.24). The maximum level observed at Vamthuat was (1.0±0.16) and 
D2 (0.6±0.23) in March while at Thanhda the maximum level (3.7±0.09) was observed in 
May (Appendix 3.3).  
 
Pb was present in the muscle of snake head at Vamthuat in January, March, May and 
December while it was only detectable in the samples at Thanhda in January and March 
and D2 in January (Figure 3.25). The metal was also only found in the liver of snake 
head from Vamthuat in March and December while no trace was detectable in the livers 
of Thanhda during the study period (Figure 3.26). The metal was only detectable in the 
liver of D2 in December. Significant differences in Pb between the muscle of fish from 
Thandha and the other sites were found (Tukey’s post hoc test p< 0.05). Pb in liver of 
Vamthuat was significantly different from that in the samples from Thanhda (Tukey’s 
post hoc test p<0.05). A significant difference in Pb between the livers of snakehead from 
Vamthuat and Thanhda was also reported ( Tukey’s post hoc test p<0.05). 
 
Figure 3.27 presents the mean concentration of Pb in the muscle of eel. The 
concentrations decreased steadily between January and December at Thanhda. Vamthuat 
had a peak in May (0.7±0.29) which then fell to 0.10±0.025 by December while only a 
trace was found at D2 in January, March and October (Appendix 3.6). Tukey’s post hoc 
test showed no significant difference in Pb concentration between the eel muscle samples 
from the three study sites (p>0.05).  
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 Figure 3.24 Mean (± Standard Error) concentration of Pb in water spinach from 
the Saigon River in µg/g dry weight 
Figure 3.25 Mean (± Standard Error) concentration of Pb in the muscle of snake 
head from the Saigon River in µg/g dry weight 
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Figure 3.26 Mean (± Standard Error) concentration of Pb in the liver of snake 
head from the Saigon River in µg/g dry weight 
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Figure 3.27 Mean (± Standard Error) concentration of Pb in the muscle of eel 
from the Saigon River in µg/g dry weight 
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3.2.5. Cadmium (Cd) 
 
Cadmium was not present in water spinach from the river. The metal was also not 
frequently detected in the muscle of snake head from both sites, the exception being at 
Vamthuat in January and December (Figure 3.28). The metal was often detectable in the 
liver of snake head from Vamthuat; the concentration reached approximately 12 µg/g dry 
weight in December while no trace was found in the tissue in  the samples from Thanhda 
and D2( Figure 3.29). 
 
Cadmium was also found in eel sampled from Vamthuat in May and December while no 
trace was detectable in the samples from Thanhda. The metal was only observed in the 
samples from D2 in October. Cd in muscle of eel from Vamthuat were significantly 
different from that in the samples of Thanhda (Tukey’s post hoc test p<0.05).  
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Figure 3.28 Mean (± Standard Error) concentration of Cd in the muscle of snake 
head from  the Saigon River in µg/g dry weight  
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Figure 3.29 Mean (± Standard Error) concentration of Cd in the liver of snake 
head from  the Saigon River in µg/g dry weight  
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Mercury Hg 
 
No trace of Hg was found in spinach and eel from both sites. In contrast, the metal was 
present in most muscle samples of snake head, the only exception being the samples from 
Thanhda in December where Hg was not found (Figure 3.30). The concentrations of Hg 
in the muscle of Vamthuat appeared to decrease from 0.1±0.01 in January to 0.04±0.01 in 
May and to increase slightly by October (Appendix 3.4). Similarities existed between 
snakehead samples from Thanhda and D2 where Hg concentration plunged from the peak 
in March to the lowest in July then recovered by October. The result shows that the 
concentrations follow the sequence D2> Thanhda> Vamthuat.  Hg in fish of D2 was 
significantly different from that in fish of Thanhda and Vamthuat (Tukey’s post hoc test 
p< 0.05).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.30 Mean (± Standard Error) concentration of Hg in the muscle of snake 
head from the Saigon  River in µg/g dry weight 
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3.3 The correlations of metals among water, sediment and biota of the Saigon River 
 
3.3.1 Correlation between contaminants in water and sediment  
 
Simple bivariate correlation test (SPSS software) was used to establish correlation 
coefficient between metals in water, sediment and biota. No significant correlations 
between the metals in water and the respective sediment were found with the only 
exception of Zn. The result however shows a significant correlation between Cu and Pb 
in water of both sites (coefficient >0.8).  Significant correlation between Cu and Zn was 
also observed at Thanhda and D2.  Moreover, Pb significantly correlated with Cd in the 
water of Vamthuat and Thanhda. In addition, significant correlations between Cd and Pb, 
Cd and Zn were also found in the water of D2. 
  
In the sediment, Hg negatively correlated with Cr in both sites. A significant association 
between Hg and Cu in the sediment of Thanhda and D2 was found.  
 
 
3.3.2 Correlation between metals in water and water spinach 
 
55 bivariate correlation coefficients were established for each site using a simple 
bivariate correlation test. Significant correlations at 0.01 level exhibited in Vamthuat, 
Thanhda and D2 were 4, 0 and 8 respectively. At 0.05 level, significant correlations were 
2, 11and 1 for Vamthuat, Thanhda and D2 respectively  
 
 
Zn concentration in the water significantly correlated with Zn in water spinach at  the 
three sites. However, a negative correlation in Thanhda was reported. Negative 
correlations between Cu in water spinach of Thanhda, Vamthuat and Cu in the sediment 
of the respective sites were also observed. Significant correlation between Cr in water 
spinach and that in the water was only displayed at site D2. 
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Pb in water spinach negatively correlated with Pb in the water at Thanhda. Moreover, Pb 
in water spinach was found to correlate with Cu and Zn in water spinach at this site. 
 
3.4. Relationship between metals in muscle, liver and weight of snake headfish 
 
There were 68 bivariate correlations among studied metals in each selected site in which 
24, 22, 16 and 5 significant correlations at level 0.01 were found in Vamthuat, Thanhda 
and D2 respectively. At level 0.05, the respective significant correlations were 6, 4, 4 and 
4 for the four sites. 
 
Cu, Cr and Hg in the muscle of snakehead significantly correlated with the weight of the 
fish at Vamthuat, Thanhda and D2. Significant correlation between metals in the muscle 
and the respective metals in the liver were exhibited for Cu, Cr and Cd at Vamthuat; for 
Cu, Zn and Cr at Thanhda and Cr in D2. 
 
The result shows that Cu in the muscle and liver correlated with Zn in each respective 
tissue of the fish at all sites.  
The result also shows no correlation between metals in water, sediment and snakehead 
muscle and liver. 
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3.5 Relationship between metals in the water, sediment and eel 
 
No positive connection between the studied metals in the muscle of eel and the weight of 
eel was found except for Cr in eel of D2. In the samples from Thanhda Zn concentrations 
in eel was found to negatively correlate with the weight of fish. . 
No positive correlation between the metals in eel and those in the sediment was found 
with the exception of the correlation between Zn in eel and that in the sediment at 
Thanhda; the coefficient of which was 0.648. In addition a negative correlation between 
Cr in eel and Cr in the sediment was found at Vamthuat and Thanhda.  
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Chapter 4  
DISCUSSION 
 
4.1  Water and sediment quality  
4.1.1 Copper Cu  
 
Cu concentrations in the Saigon River water did not exceed the range of natural 
occurrence. In rivers, background level of Cu is usually from 1- 7 µg. l-1 but the 
concentrations could reach to 50- 100 µg. l-1 in contaminated rivers or lakes (Eisler. 1997, 
2000). In addition, the US Agency for Toxic Substances and Disease Registry (ATSD. 
1990) also estimated the average concentration of  Cu in freshwater to be 4 µg. l-1.. The 
results from this study also indicates that Cu concentrations in the Saigon River often met 
requirements for aquatic life as set by the Vietnamese standards (from 2- 4 µg. l-1 ,Table 
4.1) with the only exception of the water at Thanhda in October when the average of Cu 
concentration was 5.9 µg. l-1.  This level was within the range of 4-10 µg. l-1 which is 
within - the adverse effect range, when it is possible that some species were affected in 
their growth, behavior, migration or metabolism (Eisler. 2000). 
 
In the Saigon River sediment, Cu concentrations were always higher than the 
concentrations in the river water. Based on the results summarized by  Alagarsamy and 
Zhang. (2005), the average sediment Cu concentrations from the Saigon River were  3 
times less than the world average value (Table 4.2). The concentration of Cu in sediment 
was also less than the concentration of Cu in sediment from the Shuangtaizihe River 
(China).  The concentrations of Cu in the Saigon River sediment, however, were within 
25- 50 µg g-1 dry weight- the range which is considered to be slightly polluted by the 
USEPA (1997) (Table 4.2). 
 
 The spatial distribution of Cu in the Saigon River sediment in this study followed the 
order: Vamthuat> Thanhda> D2. According to Webster (1995), Cu is partially absorbed 
onto the sediment particles and the mobility of Cu sediment depends on organic binding 
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agents which were not studied in this project. Therefore, no conclusion on the mobility of 
Cu in sediment in the Saigon River was made, but it is clear that Vamthuat had the 
highest Cu loading compared to the other sites. 
 
According to Nriagu. (1979), Eisler. (1997) and USEPA. (1980b), input of Cu into the 
aquatic environment is mainly from mining, industrial activities and agricultural runoff. 
Along the Saigon River, however, there are no mining activities presented. Therefore, the 
source of Cu input into the river is thought to be mainly from industrial and the runoff 
from agricultural activities.  
 
Table 4.1. Trace metal guidelines by various organizations compared to results of 
this study (µg. l
-1
)  
 Guidelines Cu Zn Cr Pb Cd Hg 
Vietnamese 
standard 
(TCVN.2001) 
2-4
 
N/A <20 2-7
 
0.8-1.8
 
<1 
WHO (1997) <2
 
<45 <1
 
<0.1
 
<0.07
 
<3 
 
 
Surface 
freshwater 
Australia 
guidelines 
(ANZECC. 
2000) 
<5 <10 <20 <1 <0.2 <1 
Results from this study <0.0
02- 
5.9 
2.4- 
35.0 
<0.002
- 12 
<0.002- 
14.6 
<0.0003- 
0.29 
<0.0002 
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4.1.2 Zinc Zn 
 
In natural freshwaters, Zn concentrations are often less than 40 µg. l-1 and in 
contaminated water, the maximum concentration may be up to 90 mg.l
-1
 (Eisler. 1993, 
2000). Eisler (2000) also pointed out that the acute LC50 (96 h) values for fish ranged 
from 66- 40900 µg. l-1. According to Eisler (2000), if Zn concentration is less than 6.5 
µg. l-1, deficiency may occur in aquatic organisms with resulting effects. In addition, the 
acceptable level of Zn in water is not regulated by the Vietnamese standards, but the 
concentrations of this metal in the Saigon River water always met the guidelines set by 
World Health Organization (WHO) for aquatic life (less than 45µg.l-1).  Therefore, it is 
possible to conclude that Zn concentrations in the Saigon River water do not cause 
adverse effects on fish. However, the results frequently showed higher values than that in 
the guidelines set by Australian and New Zealand Environment Conservation Council 
(ANZECC) for the protection of aquatic food species (less than 10 µg. l-1) (ANZECC. 
2000) (Table 4.1).  
 
In spite of low concentrations of Zn in water column, Zn concentrations in sediments 
from the Saigon River were higher than 200 µg. g-1 of background concentration in rivers 
as described  by Eisler. (2000) but less than the concentration of the world average 
according to Alagarsamy and Zhang. (2005) ( Table 4.2). The Zn concentrations in 
sediment from the Saigon river were also higher than Threshold Effect Level (TEL) set 
by the USEPA and the river could therefore be considered to be heavily polluted by Zn 
(Table 4.2). This result is similar to the findings of  Phuong, et al. (1998) and Anh, et al. 
(2003). The excess Zn in the river sediment may cause adverse effects on sediment 
organisms such as survival or metabolism Eisler. (2000). 
 
Discharge of Zn into freshwater includes mining, industrial activities, combustion of fuel 
and urban runoff (Irwin, et al. 1997e, Eisler. 2000). Since no mining activities existed 
along the Saigon River; the main source of Zn input into the river could be industrial 
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activities such as electroplating, combustion of fuel and urban runoff. The concentration 
of Zn in the Saigon River sediment from this study was found to decrease according to 
site from Vamthuat~ D2 > Thanhda. The possible reason for this may be linked to the 
industrial activities from 2000 factories located at the Vamthuat canal. D2 is considered 
as a rural area; however, the site is affected by the most polluted canal on the city i.e. 
Thinghe canal on the opposite side of the river. This could be an explanation of the high 
Zn concentration in sediment from the D2 site. Thanhda may receive less Zn since to the 
main economic activities in the island are agriculture and aquaculture, so an important 
source of Zn input into the site may only  be from the use of pesticides. 
 
 
4.1.3 Chromium Cr 
 
The results of the study indicated that Cr concentrations in the river water did not exceed 
the natural range found worldwide. The occurrence of Cr in river water usually ranges 
from 1- 30 µg. l-1  (Eisler. 1986). In order to protect of aquatic life, criteria of Cr are set 
for water in many countries. In Vietnam and Australia, the maximum permissible Cr 
level is 20 µg. l-1 for freshwater.  If Cr concentration in water is excess this value, adverse 
effects on aquatic organisms may occur such as cellular damage (Irwin, et al. 1997f). 
According to (Eisler. 1986) the maximum acceptable concentrations is from 47- 1400µg 
Cr.l
-1 
for fresh water fish. Compared with this range the result of Cr in the water in this 
study is low and  it is apparent that the Saigon River is not contaminated by Cr. The 
water quality in the Saigon River met the Cr concentration limit for the protection of 
aquatic life (Table 4.2). 
 
In sediment, little is known about  background levels of Cr. In the earth’s crust, the 
average concentration is 125 mg Cr.kg
-1
 soil and in sediment it ranged from 1 in 
uncontaminated sites to 54000 mg Cr.kg
-1
 in site closed to electroplating plants (Eisler. 
1986). Alagarsamy and Zhang (2005) also estimated an average concentration of 100 mg 
Cr.kg
-1
 in world’s river. These values are much higher than the average concentration of 
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Cr found in the Saigon River (Table 4.2). Therefore sediments in the Saigon River are 
not contaminated by Cr. 
 
There is little information on organisms exposed to sediment Cr. However, according to 
Eisler. (1986), Cr in sediment is not bioavailabile. Therefore, it is clear that Cr in 
sediment in the Saigon River would not cause adverse effects on the aquatic organisms in 
the river. 
 
Heavy metal detected in water from Thanhda showed that this site contained higher 
concentration of Cr than the other sites while the sediment had higher Cr in Vamthuat 
than in Thanhda and D2. According to Irwin, et al. (1997f) and Eisler. (1986), most Cr 
released into water is from industrial activities. The two authors also pointed out that Cr 
in water is readily precipitated into sediment. Vamthuat receives the largest Cr load into 
the river due to more than 2000 factories located in the area and it is also possible that Cr 
may be released from Vamthuat sediments under different oxidation conditions  and be 
released into the water. This could in turn flow onto Thanhda and precipitate in to the 
sediment there. 
 
4.1.4 Lead Pb 
 
 
The results of Pb in the Saigon River water from this study indicate that the Vamthuat 
area was frequently contaminated by Pb: the level ranged from 8.3- 14.6 µg. l-1 except the 
level in May. This result also support the concern of the Vietnam Environmental 
Protection Agency (VEPA. 2003) and confirm the results of Quynh and Ba. (2003) and 
SIWRR. (2003). According to Eisler (2000) Pb is a rare metal and it occurs in US rivers 
at 5 µg. l-1 (ranged from 0.6 -120 µg. l-1). Because Pb is considered a toxic metal to 
aquatic organisms (Jorma. 1973, Eisler. 2000) its presence has been strictly controlled in 
drinking water, domestic water and water for aquatic life worldwide. In Vietnam, the 
maximum acceptable level of Pb for aquatic life is set at 7 µg. l-1 while a more strict level 
is set in Australia (< 1µg. l-1). It is clear that the Pb concentrations in water at the 
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Vamthuat site are high and could result in detrimental effects on aquatic life. The 
concentrations of Pb in Thanhda and D2 did  not exceed the maximum level for aquatic 
life by the Vietnamese standards, however they were within the range of adverse effect 
concentrations (1.0- 5.1 µg. l-1) reported by Eilser. (1988). At these levels, if organisms 
are continuously exposed, adverse effects may occur such as growth inhibition, 
retardation of sexual maturity, altered blood and lipid chemistry Eisler. (2000). However, 
the toxicity effects of Pb on organisms may be modified by many environmental 
conditions such as pH, hardness, temperature or lead species (Eisler. 2000).  
 
According to the USEPA (1997), with 40 µg Pb.g
-1
 dry weight as the average 
concentration, the Saigon River sediment is not polluted by Pb (Table 4.2). The results 
were also less than the average value in world rivers Alagarsamy and Zhang. (2005) 
(Table 4.2). The results showed the spatial distribution of Pb in the Saigon River 
sediment decreased in the order: Vamthuat> Thanhda> D2. This supported the results in 
water: Vamthuat had the greatest Pb contamination and the source of the pollutant could 
be close to the site. The explanation could be  based on the findings of Hem (1976) and 
May and McKinney (1981) that Pb contamination is not mobile in surface water and Pb 
is readily precipitated to the sediment. However, no significant correlation between water 
Pb and sediment Pb was observed at this site. One possible reason is that Pb is tightly 
bound to sediment (Eilser. 1988, Irwin, et al. 1997b) and not released into the water 
column. 
 
4.1.5 Cadmium Cd 
 
The results of Cd, ranged from 0.1 to 0.29 µg l
-1
 in water this study indicating that the 
Saigon River water was not contaminated by Cd, except at the Vamthuat site. Cd is also a 
rare metal and the reported concentration in unpolluted rivers ranged from 0.05- 0.2 µg l
-
1
(Eisler. 1985, 2000). According to Jorma (1973) and Viarengo (1985), Cd is a toxicant 
to most organisms. Concentrations of 0.8 to 9.9 µg Cd.l
-1
 in water may cause sub lethal 
effects on several sensitive aquatic species, and concentrations of 0.7 to 570 µg. l
-1
 may 
cause growth or reproduction inhibition and population alterations (Eisler. 2000).   
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In order to protect aquatic life, criteria for Cd have been set for water in many countries. 
In Vietnam, the maximum acceptable level for aquatic life is from 0.8- 1.8 µg l
-1
. This 
level is higher than the level set by the Australian standards (ANZECC. 2000) and the 
level specified by WHO. At Vamthuat, the concentrations were often in excess of the 
range seen in unpolluted rivers but the concentrations were still less than the 3.0 µg Cd.l
-1
 
which is the  adverse effect level described by Eisler (2000).  
 
In spite of the presence in water of  Cd, it  was often not detectable in sediment from the 
Saigon River. There was only a  trace amount  in Vamthuat sediments in March (0.1 µg. 
g
-1
 dry wt), Thanhda (0.3 µg. g-1 dry wt) and D2 (0.3 µg. g-1 dry wt) in October. These 
were close to the level recorded in the Principal Global Reservoirs (0.16 µg. g-1 dry wt) 
by Eisler. (2000) 
 
 
4.1.6 Mercury Hg 
 
In Vietnam, the maximum acceptable level for aquatic life is less than 1 µg Hg. l
-1
 which 
is similar to the level set by ANZECC (2000).  
Compared to the Vietnamese standard, it could be concluded that the Saigon River water 
always met the requirement of maximum Hg concentration for the protection of aquatic 
organisms because the Hg levels were always less than 0.0002 µg. l
-1
, the detection limit 
of AAS equipment used in analysis. 
Hg is considered as one of the most toxic trace metals  to living organisms (Irwin, et al. 
1997d). Natural level of Hg in river water are usually less than 0.05 µg.l-1 and adverse 
sublethal effects to representative aquatic species ranged from 0.03 to 0.1 µg Hg. l
-
1
(Eisler. 2000).  Therefore this study demonstrates that the water in the Saigon River is 
not contaminated with Hg and meets the criteria for the protection of aquatic life from 
Hg. 
 
Although no Hg was detected in water, sediment in the Saigon River contained high Hg 
concentrations. The average value (108 µg.g
-1
 dry wt) was close to the value found in 
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contaminated sites in Australia (120 µg g
-1
 dry wt, (Eisler. 2000)) and much higher than 
the level in contaminated sites in Thailand (8.4- 58 µg g
-1
 dry wt) (Eisler. 2000)). Little 
information is available on the effects of Hg in sediment on aquatic organisms that live in 
the water column above, but adverse effects on some sediment dwelling organisms may 
exist in the Saigon River. 
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Table 4.2. Screening values for metals in sediments (µg g-1 dry weight) (USEPA. 
1997) 
  Cu Zn Cr Cd Pb Hg 
 
Non 
polluted 
<25 <90 NA NA <40 NA 
Slightly 
polluted 
25- 50 90- 200 NA NA 40- 60 NA 
Heavily 
polluted 
>50 >200 NA 6 >60 NA 
Threshold 
effects level 
108 124 NA 4.21 30.2 NA 
US 
EPA 
guide 
Effects 
range– low 
value  
34 150 NA 1.2 46.7 NA 
World Average * 100 350 100 NA 150 NA 
Shuangtaizihe River 
(China 
38 114 98.4  82 NA 
The Saigon River 
sediment (present 
study) 
14-46 
(33) 
131-294 
(219) 
21- 130 
(55) 
<0.1-
0.3 
16- 134 
( 33) 
16-170 
(108) 
• Source:  * (Alagarsamy and Zhang. 2005), reference for Shuangtaizihe River 
study 
( )  : Average value 
NA       : No data available 
 
Generally, the distribution of metal in sediment of the river followed the order of 
decreasing concentrations: Vamthuat> Thanhda > D2. This order, however, was 
significantly different from the result of Anh, et al. (2003) where he found metals in the 
river from 1997 to 1999 at Vamthuat< Thanhda< D2. This indicates that metals in 
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sediment may change in a span of four years or that there maybe localized hot spots for 
trace metal contamination of sediment since sampling sites were not exact.  
 
Higher metal concentrations were frequently found in both water and sediment at 
Vamthuat than at the other sites. The possible reason is that the site was directly 
influenced by industrial wastewater from the factories where the wastewater treatment 
facilities are still inadequate (Oanh. 2001, SIWRR. 2003). This also supported to the 
study of Quang (2002); he believed that untreated wastewater from 57 factories such as 
textile, dying, paper and mechanics in the district located by the canal are responsible for 
the current pollution at Vamthuat. 
 
The significant correlations within the studied metals in water and sediment indicated that 
the river does not receive a single pollutant but a complex mixture of trace metals.  
In all studied sites, the results indicate that Cu in water was linked with Pb in water 
(r=0.58, 0.89 (p<0.05) and 0.85 (p<0.01) for Vamthuat, Thanhda and D2 respectively). 
This finding was similar to the resuls in the study on the association between trace metals 
in sediment, water, and guppy (Poecilia reticulate) from urban streams of Semarang, 
Indonesia  by  Widianarko, et al. (1999).  
 
4.1.7 Seasonal variation of metals in water and sediment 
 
The results showed that the concentration of Cu, Zn, Cr and Pb in water tended to 
decrease from January to May (late dry season) then increase to October. Moreover, it is 
noteworthy that a reduction of Pb and Cd in sediment was also found in the late dry 
season. After the dry season, the concentrations of metals in sediment increased in the 
rainy season during the next months to October. It is possible that the rainfall from June 
could have caused an increase in metal concentrations in river water by transporting the 
contaminants from the city including dust and smokes from vehicles and residual 
fertilizers from agricultural areas into the river. This supports the study of Bradford 
(1977) where he found that heavy metals level in water of urban rivers was  usually 
higher after storm events.  Although no significant difference between pH values was 
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found in this study, the average pH values in the river could be reduced in the rainy 
season due to the acidity of rainwater.  Under acid condition, metals are readily 
precipitated into sediment (Irwin, et al. 1997a, 1997b, 1997c, 1997d, Eisler. 2000) and 
could have caused the increase of heavy metals in the Saigon River sediments in the rainy 
season. The results also support the finding of Field and Pitt (1990) and Baer and Pringle 
(2000) that storm runoff may lead to an increase of heavy metal concentrations in urban 
rivers. 
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4.2. Metal concentrations in biota and in water, sediment 
 
4.2.1 Copper Cu 
 
Cu is an essential element for living organisms (Aaseth and Norseth. 1986) and it plays 
an irreplaceable role for the normal growth and metabolism of organisms (Eisler. 1997, 
Irwin, et al. 1997a).   
 
The results of the study show that in water spinach, Cu concentrations were often higher 
than the deficiency level except for the lower levels in plants from Thanhda in July and 
December. In non-contaminated sites, aquatic plants usually contains less than 36 µg Cu. 
g-1 dry weight  (Eisler. 2000). Cu may turn toxic to aquatic plants if the concentration of 
nutrient solution is more than 40 µg Cu. l
-1
 and deficient if the concentration in the leaves 
is less than 5 µg Cu. g
-1
 dry weight (Irwin, et al. 1997a, Eisler. 2000). However, there is 
not enough evidence to conclude that in July and December, water spinach in Thanhda 
had Cu deficiency since when preparing the samples the leaves and stems of water 
spinach were not separated.  
 
Muscle Cu of snake head was compared to Cu in fish from previous researchers in Table 
4.3. It is apparent that snake head had lower muscle Cu than average  Cu concentration in 
fish from cultured sites at Hongkong water (Wong, et al. 2001), fish in Bangladesh 
(Begum, et al. 2005) and catfish in North Vietnam (Wagner and Boman. 2003) (Table 
4.3). Freshwater fish generally have less than 55 µg Cu. g-1 dry weight except that the 
concentration in liver may reach to 367 µg Cu. g-1 dry weight (Eisler. 2000) .In  fish, Cu 
deficiency may occur if the concentration is less than  6.7 µg Cu. g
-1
 dry weight in the 
whole body (Eisler. 2000) 
 
In snake head, muscle Cu was significantly lower than liver Cu (liver Cu was 70, 29, 69 
and 19-fold more than muscle Cu in Vamthuat, Thanhda, D2 and Nhabe respectively). 
This is consistent with the finding of Jarvinen and Ankley (1999) that Cu is mainly 
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accumulated in liver than in other tissues. Al-Yousufa, et al. (2000) suggested the muscle 
tissues should not be used as a specific physiological indictor site for copper. The liver is 
often the site for the storage and detoxification of trace metals and the results of this 
study provide further evidence for this. 
 
In swamp eel, the results revealed lower muscle Cu than that in snake head and the 
average in fish in Hongkong and the North Vietnam (Table 4.2). The average muscle Cu 
in swamp eel (1.2 µg.g-1 dry weight) was also lower than the average Cu in fish from the 
United States (2.0 µg.g-1 dry weight (Burger, et al. 2002)). Although dwelling in slightly 
Cu polluted sediment in the Saigon River, it appears that swamp eel contains low Cu 
concentrations. This supports the finding of Oldewage and Marx. (2000) that fish muscle 
does not affected by exposure to high levels of Cu. 
 
When the results of Cu in fish tissues is compared to the deficiency level reported by 
Eisler (2000), it could is possible that the snake head and eel showed Cu deficiencies due 
to the low average concentration of Cu in the species. This is an issue that should be 
investigated in future studies. 
 
The results showed a significant positive correlation between Cu in muscle and the body 
weight of snake head but no correlation between muscle Cu and eel body weight was 
revealed. There are some arguments on the relationship  between Cu and body weight in 
fish.  Widianarko, et al. (1999) found no significant relationship between Cu and body 
weight while Jarvinen and Ankley. (1999) showed evidence of  the association between 
of Cu and fish body weight. According to Oldewage and Marx. (2000), Cu enters fish 
mainly through food, and it is therefore  possible that the difference between the two 
species in the Cu- body weight correlation is a result of their different feeding habits.  
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4.2.2 Zinc Zn 
 
In water spinach, Zn concentrations ranged from 24 to 56µg. g
-1
 dry weight and no 
significant different in Zn was existed among the sites (Turkey test p>0.05). Zn has been 
considered as a beneficial element for organism growth by constituted enzymes such as 
carbonic anhydrase, alkaline phosphatase (Rosser and George. 1986, Eisler. 1993). 
Available data showed the Zn concentrations were not in excess of 400 µg. g
-1
 dry weight 
in aquatic plants. Therefore the result of the current study indicates that water spinach did 
not accumulate Zn more than the level required for normal physiological functions. 
 
Zn concentrations in snake head and eel tended to be higher in Thanhda and D2 than in 
Vamthuat and Nhabe. This is in agreement with Eisler (2000) that fish in urban areas 
have higher Zn than other areas. This is possible that the bioavailability of Zn in the areas 
was influenced by urban loads. Zn concentrations are generally less than 120 µg. g
-1
 wet 
weight of fish (approximately 360 µg. g
-1
 dry weight) in uncontaminated sites 
(Eisler,2000).The  
Zn concentrations in snakehead muscle recorded in the current study were well below 
this value indicating that the fish did not bioaccumulate Zn. Eisler also believed that Zn 
deficiencies may lead to adverse effects on growth, reproduction and survival. Whether 
such deficiencies exist in snakehead from the Saigon River remains to be investigated.  
 
It is clear that liver of snake head contained higher Zn concentrations than muscle. This is 
consistent with the results  of Dallinger, et al. (1997) and Olsvik, et al. (2001) and it 
maybe concluded that Zn is bioaccumulated in liver tissue. 
 It is also clear  that muscle Zn was higher in snake head than in swamp eel which maybe 
related to different Zn requirements since Zn is an essential metal and different species 
may regulate body Zn to meet different functional needs. 
 
The results showed no linkage between Zn concentrations in muscle and body weight of 
snake head and eel. This is similar to the result from work of Widianarko, et al. (1999) 
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that the body weight of fish is not correlated with muscle Zn. However, Jarvinen and 
Ankley (1999) believe that the body weight of fish may correlate with body Zn. To 
understand this, the physiology of snake head and eel should be investigated in future; 
however it is clear that snake head and eel in the Saigon River are not bioaccumulating 
Zn beyond the limits for normal biological functions.  
 
4.2.3 Chromium Cr 
 
.  
In water spinach from the Saigon River, Cr ranged from 0.4 to 2.4 µg.g
-1
 dry weight. Cr 
is non-essential in hexavalent form (Cr
+6
) and is essential for organism in trivalent form 
(Cr
+3
) (Eisler. 1986, Irwin, et al. 1997f). In plants, Cr is not essential for growth and the 
concentrations are rarely in excess of few µg. g
-1
 dry weight (Eisler. 2000). Compared to 
the normal level in plants described by Eisler (2000), it is obvious that the water spinach 
was not contaminated by Cr.  
 
In other organisms, the normal level has been reported as less than 4µg Cr.g
-1
 dry weight 
and the level in freshwater fish ranged from 0.2- 7.3µg Cr.g
-1
 dry weight (Eisler. 2000). 
Eisler also suggested that at more than 4 µg Cr.g
-1
 dry weight, organism should be 
considered to be Cr contaminated. The results of the study showed that snake head and 
eel always contained Cr in muscle less than the contaminated level described by Eisler 
(2000). Therefore, it could be concluded that snake head and eel in the Saigon River were 
not contaminated by Cr. 
 
4.2.4 Lead  Pb, Cadmiun Cd and Mercury Hg 
 
 
In water spinach from the Saigon River, Cd and Hg were not detectable; this indicates 
that water spinach did not accumulate these metals. Pb, however, was found in  trace 
amounts  and the concentrations ranged from 0.2 to 3.7 µg.g
-1
 dry weight. Contamination 
of plants or fish by Pb may lead to growth inhibition, adverse effects on reproduction or 
metabolism and death (Eisler. 2000). Plant take-up Pb from rainfall, dust, and soil 
through leaves and through the root system. Some traces of the Pb detected in water 
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spinach in this study could have been accumulated by these pathways. Aquatic plants in 
the US had from 1 µg Pb.g
-1
 dry weight in shoots to 5 µg Pb.g
-1
 dry weight in roots 
(Eisler. 2000). The Pb concentrations in water spinach from the Saigon River were in the 
same range indicating that the Saigon River was not subject to Pb pollution. 
 
In snake head, Hg was detectable in most muscle samples but the levels were always 
lower than the level that may cause adverse effects proposed by (Scheuhammer and 
Graham. 1999). In areas remote from human activities, concentrations of Hg were usually 
less than 1 µg.g
-1
 fresh weight of biota (Eisler, 2000). Though the Saigon River is subject 
to intensive human activities concentrations of Hg in fish tissue remained low and it is 
unlikely that the river is subject to Hg pollution. It is also possible to conclude that 
transformation of Hg to methylmercury has not occurred in the Saigon River sediments 
since methylmercury is easily bioaccumulated (Irwin, et al.1997d) resulting in increased 
Hg concentrations in fish tissues. 
 
 Cd, however, was usually absent in muscle of snake head while Pb was found more 
frequently in muscle than in liver (20% of total samples and 6% respectively) however, at 
a low level (average 0.17 µg.g-1 dry wt) compared to WHO guideline (0.3 µg.g-1 dry wt) 
(WHO. 1972). The Pb level was similar to the average value observed in the United 
States.. In the United States, the average of Pb concentration in freshwater fish was 0.11 
µg.g
-1
 fresh weight (approximately 0.33 µg.g
-1
 dry weight Burger, et al. 2002). A similar 
finding also exists in the study of Nord, et al. (2003) where they found the Pb 
concentration was mainly accumulated in muscle of fish at very low concentration. In 
addition, Irwin, et al. (1997b) and Maret and Skinner. (1998) also found that Pb is not 
usually present in fish. Pb, Cd and Hg are not essential for living organism and they are 
known to be toxic to living organisms in  trace amounts (Eilser. 1988, Irwin, et al. 1997b, 
1997c, 1997d, Sanders, et al. 1999, Eisler. 2000). Since the results show some trace 
amounts of these non-essential metals in fish tissues it is possible to conclude that the 
Saigon River is mildly contaminated with these metals. Fish take-up Pb from water 
through gill and skin and from food (Eisler. 2000), and Pb could have been taken up by 
these pathways. 
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While Cd was often absent in snake head muscle, it was present in most liver samples of 
snake head from Vamthuat. The possible reason is that higher Cd concentration in water 
in Vamthuat water may been bioaccumulated by snake head although no significant 
correlation between Cd in liver of snake and Cd in water from Vamthuat was revealed. 
This agrees with Maret and Skinner (1998) that Cd tend to accumulate in fish liver. The 
average concentration of Cd in liver from this site, however, was less than the level of 10 
µg. g
-1
 wet wt that may cause sublethal effects on fish (Eisler. 1985). Eisler (2000) also 
reported that in the US available data indicates that the maximum concentration of Cd in 
freshwater fish was 5.2 µg.g
-1
 dry weight (Eisler. 2000). The results for Cd in fish from 
the current study are well below this concentration. Organisms exposed to Cd usually 
show decreases in growth and inhibition of reproduction (Irwin, et al. 1997c), however it 
is possible to conclude from this study that it is unlikely that such effects will be seen in 
fish at the study sites on the Saigon River. 
 
 
The absence of Cd and Hg in eel indicates that eel does not bioaccumulate Cd and Hg 
and it is possible that the eel can excrete these metals. Pb, however, was present at low 
concentration in 60 of 357 samples. It also indicates that the Pb may be bioaccumulated 
by the eel but at low levels. This is also consistent with the finding of Wagner and Boman 
(2003) that non-essential and toxic elements are  poorly accumulated in fish muscle.  
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4.2.5 The correlation between metals and biota in the Saigon River 
 
4.2.5.1 Metals and water spinach 
 
Little information is available on the correlations between metal concentration in water 
spinach and in water. In this study, the negative correlation of Cu in water and water 
spinach was found at Vamthuat and Thanhda while no correlation was found at D2. For 
Zn, a negative correlation was also found at Thanhda while there was a positive 
correlation was at Vamthuat and D2. It can therefore be concluded that water spinach has 
not bioaccumulated Cu and Zn from the water. 
 
This study showed no evident of a significant correlation in Cr between water spinach 
and the river water. This  conflicts with the results of Peterson and Girling (1981) that Cr 
concentration in plants is strongly correlated with the concentration in the environment 
This is also different from the finding of Sinha, et al. (2005) that the correlation between 
Cr in plants and in cultivated water may exist. 
 
This study showed no significant correlation between Pb and Cd in spinach and these 
metals in the river water although the correlation in Pb and Cd in plants and these metals 
in the environment was found from by previous researchers like Koeppe (1981), Page, et 
al. (1981) and  Peterson and Girling (1981). Other researchers, Ba and his co-authors 
(1998) also found that the concentration of Pb and Cd in the medium influenced on the 
accumulation of these metals in the spinach. In addition, while the interaction of Cu and 
Pb in plants was reported by Lepp (1981), this study showed no significant correlation 
between Cu and Pb in water spinach.  
 
Therefore, it can be concluded that the results on trace metals in water spinach are 
different from those of the reviewed studies. One possible reason is the lack of sample 
quantity since sampling in this study only focused on the edible part of the water spinach. 
Only the top section of the plant (including leaf, stem but no root) was sampled for 
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analysis while previous workers have found that the most of metals accumulated in roots 
such as Cr (Shankera, et al. 2005), Pb (Koeppe. 1981), Cd (Page, et al. 1981). Another 
reason could be due to differences in response time of water versus biota to fluctuation in 
element concentration i.e. water concentration only reflect momentary condition and 
biota reflects an average value over a period of time.  It is clear from the present study 
that the top edible section including leaf and stem of water spinach is not suitable for 
trace metal biomonitoring purpose since no significant correlation between metals in 
water spinach and metals in the river water could be found.  However the study has also 
clearly demonstrated that the water spinach harvested from the Saigon River at the study 
sites is clearly suitable for human consumption in terms of negligible contamination with 
trace metals. 
 
4.2.5.2 Metals and snake head  
 
Generally, the correlations for metals in muscle and liver of snake head were different at 
every site. While the significant correlation between Cu and Zn in the muscle and in the 
liver was found at Vamthuat (r = 0.35, p<0.01 and r= 0.22, p<0.05 respectively) and the 
correlation of Zn within the tissues at D2 (r= 0.38, p<0.01), the correlation of Cr within 
the tissues at Thanhda a Cr contaminated site, was revealed (r= 0.59, p< 0.01). In 
addition, the strong correlation between Cr in sediment and Cr muscle of snake head (r= 
0.87, p< 0.05) indicates that Cr in the tissues may reflect environmental conditions such 
as metal bioavailability.  
 
The correlations between Hg and Cr and Pb in muscle of snake head from the studied 
sites (r= 0.19, p< 0.01 and r= 0.11, p<0.05 respectively) also indicates that the interaction 
within these metals may exist and is influenced on the uptake of these metals in snake 
headfish.  
 
An interaction between Cd and Zn as well as Cd and Cu may exist in animals such as fish 
where exposure to Cd leads to an increase of Cu and Zn bioaccumulation (Pelgrom, et al. 
1995, Brzoska and Moniuszko-Jakoniuk. 2001). However, there was no significant 
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correlation between these metals within the tissues. Brzoska and Moniuszko-Jakoniuk 
(2001), however, also found that an excess of essential metals such as Zn and Cu may 
reduce Cd. It is possible that the high concentration of Zn (average 14 µg.g-1 dry wt in 
muscle and 105µg.g-1 dry wt in liver) compared to other metals in snake headfish resulted 
in the low Cd concentration in headfish 
 
Generally, the results showed that metal in sediment> liver of snake head> muscle of 
snake head> water. The results, however, point to no evident correlation between the 
metals in fish tissues and the metals in sediment and/or the metals in water. It is 
concluded with certainty that snake head is not affected by metals in sediment since it 
lives and feeds in the water column and is not a sediment dweller. Nevertheless, the 
presence of the non- essential metals Pb and Hg in snake head indicates that the fish tend 
to accumulate these metals. 
 
4.2.5.3. Metals and Swamp eel 
 
No significant correlation between Cu, Cr, Pb, Cd and Hg in eel and sediment was found 
indicating that, although dwelling in sediment, the eel does not accumulate metals from 
sediment. In other word, the eel is not affected by Cu, Cr, Pb, Cd and Hg in sediment. 
There is little information on the metabolism of heavy metals in eel, but a possible 
explanation is that the mucus of the skin may act as a preventive factor to metals entering 
into the body as proposed by (Varanasi and Markey. 1978).  
 
 The significant correlation between Zn in eel and sediment (r= 0.41, p< 0.01) indicates 
that Zn bioaccumulation in eel may reflect the Zn bioavailability in sediment. Similar 
results are also reported  in the literature.(Widianarko, et al. 1999, Nord, et al. 2003)  
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Table 4.3 Summary of biomonitoring programs and guidelines on heavy metals for 
food safety (Unit µg.g-1 dry wt) 
 Cu Zn Cr Pb Cd Hg 
Fish cultured sites at Hong 
Kong waters (Wong, et al. 
2001) 
19.0-
20.1 
96.7- 
201 
No 
data 
4.34- 
25.9 
0.31- 
0.87 
No data 
Fish in Bangladesh (Begum, et 
al. 2005) 
3.55- 
6.12 
47.2- 
73.4 
No 
data 
0.75- 
0.78 
No data No data 
Duy Minh – Vietnam 
(Wagner and Boman. 2003) 
16-64 61- 89 0.02-
0.38 
0.37-
1.09 
0.04- 
0.44 
No data 
Water spinach <9.8 <56.7 <2.4 < 3.7 <0.001 <0.00001 
Headfish 
(muscle) 
< 3.2 
(1.5) 
<40.0 
(25.5) 
<3.6 
(0.8) 
< 1.5 
(0.17) 
<0.04 
(0.002) 
< 0.16 
(0.07) 
The result of 
the Saigon 
River (current 
study) Eel (muscle) <5.0 
(1.2) 
<62.0 
(50) 
< 1.1 
(0.54) 
<0.7 
(0.13) 
<0.02 <0.004 
Note  
(  ) : Average values 
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4.3. Seasonal variation of metal concentration in biota 
 
4.3.1. Water spinach 
 
An increase of Cu and Zn in the edible parts of water spinach was found late in the dry 
season at the studied sites then the concentrations decreased in the rainy season. In 
contrast, Cr and Pb appeared to increase in the rainy season. There is little attention on 
this phenomenon in previous studies and the reason is not quite clear.   A possible 
explanation, according to Xose and Felipe (2002), is the changes in weather, in which the 
average temperature in the rain season is usually 2
0
C less than the average temperature in 
the dry season in the area (PSOa. 2005),  This may affect the processes of synthesis and 
oxidation of metal sulfides, the forms of metals  that plants take up. In other organisms, 
the normal level has been reported as less than 4µg Cr.g
-1
 dry weight and the level in 
freshwater fish ranged from 0.2- 7.3µg Cr.g
-1
 dry weight (Eisler. 2000). Eisler also 
suggested that at more than 4 µg Cr.g
-1
 dry weight, organism should be considered to be 
Cr contaminated. The results of the study showed that snake head and eel always 
contained Cr in muscle less than the contaminated level described by Eisler (2000). 
Therefore, it could be concluded that snake head and eel in the Saigon River were not 
contaminated by Cr. Here the water level in the dry season was always lower than the 
level in the rain season since May( the average of the lowest water level in the dry season 
was -2 m while it was  – 2.3 m compared to the sea water level in the rain season)  
(PSOb. 2005). 
 
4.3.2. Snake head and eel 
 
It is worth noting that essential metals including Cu, Zn and Cr concentration in the fishes 
decreased in the first months of the rainy season then increased soon after.  Although the 
first months of the rain season is the time of reproduction of the fish (based on the 
experiences of fishermen at the sites), there is little information on the transfer of 
essential metals from snake head into its eggs. For Zn, Kime (1999) found that fish 
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requires this essential metal for development including for their sperm and eggs.  
Therefore, the transportation of Zn into eggs could be the reason for the decrease in Zn 
decrease soon after the reproduction of fish. Eastwood and Couture (2002) also found 
higher Cu and Zn levels in the spring in yellow perch (Perca fla_escens) from a metal-
contaminated environment of Ontario lakes in Canada. The possible explanation is that 
fish store essential metals for their reproductive activities before reproduction and have 
lower concentrations during and after reproduction.  
 
Another possible explanation for the change in metals in the fish is the drop of 
temperature in the rainy season (about 2
0
C less than in the dry season (PSOa. 2005). 
According to Oldewage and Marx (2000), a drop in temperature may cause a drop in the 
biological activity of fish, that may lead to the release of heavy metals by the fish. In 
addition, Farkas, et al. (2000) believed that the seasonal change in Cu, Zn and Hg 
concentration in fish are due to physiological processes but not the change in 
contamination. 
 
4.4. The risk of trace metal exposure to humans consuming biota from the Saigon 
River 
 
Snake headfish, eel and water spinach are common in the diet of people in Ho Chi Minh 
City, however, no estimation of daily consumption of these food sources has been made 
in these area. In order to assess the risk of trace metal exposure to human consuming 
water spinach, snake head fish and eel from the Saigon River, average consumption of 21 
g wet weight of fish /person/day which is applied in Bangladesh (Begum, et al. 2005), a 
country close to Vietnam, was used for calculation. The calculation was based on fish 
fillet since this is  habitually consumed in the  diet of the local people. The wet weight of 
21 grams was approximated to  4.2 grams dry weight based on the dry weight/ wet 
weight ratio of 20% in the fish muscle samples from this study and the ratio of water 
spinach used similarly was 10%. The concentration used for the calculation was the 
largest value- worst cases. For the fish, the calculation was applied only to muscle of fish 
since Vietnamese people do not consume another parts of the fish carcass. For spinach, it 
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is anticipated that the consumption is 300 g wet weight/ person/day equally 30 grams dry 
weight based on   the habit of the local people. The results of dietary intake are presented 
in Table 4.2. 
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Table 4.4 Estimation of dietary metals intake by consuming food from the Saigon 
River 
 Cu Zn Cr Pb Cd Hg 
Concentration 
(µg/g dry wt) 
9.8 56.7 2.4 3.7 0.001 0.0001 Spinach 
Estimated 
intake 
(µg/day/person) 294 1701 72 111 0.03 0.003 
Concentration 
(µg/g dry wt) 
3.2 40 3.6 1.5 0.04 0.16 Snake 
head 
Estimated 
intake 
(µg/day/person) 13.44 168 15.12 6.3 0.168 0.672 
Concentration 
(µg/g dry wt) 
5 62 1.1 0.7 0.02 0.004 Eel 
Estimated 
intake 
(µg/day/person) 21 260.4 4.62 2.94 0.084 0.0168 
Recommended dietary 
allowance. 
(µg/day/person 
1500- 
3000
a 15000
a 
5000
b 
210
a 
10000
b 
500
b 
Remark:  
a: Recommended by USNRC (1989) 
b: Recommended by (Wagner and Boman. 2004) 
 
Compared to the recommended dietary allowance of the US National Research Council 
and from the study of (Wagner and Boman. 2004) for food safety, it can be concluded 
that water spinach, snake head fish and eel harvested from the Saigon River for 
consumption do not pose a health risk to humans.  
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Chapter 5 
 
CONCLUSION AND RECOMMENDATION 
 
Similar to the results of many previous studies, the current study indicates that the Saigon 
River is slightly polluted by trace metals at least in some localities: Vamthuat with Pb, 
Thanhda with Cr. Although the metals appeared not to always exceed the acceptable 
limits for aquatic life, were frequently above background concentrations. Therefore, they 
may pose a potential risk to aquatic organisms in the Saigon River. In addition due to the 
inadequacy of the water supply in Ho Chi Minh City, many city dwellers use the river as 
the main water source without the necessary chemical treatment, so that the river may 
also pose a health risk to such users. Therefore, it is necessary to be aware of the current 
contamination status of the river and introduce a simple treatment method to local people 
to avoid risks.   
 
The trace metals investigated in this study were relatively low in water but considerable 
concentrations were found in sediment. This is also a potential pollutant source to the 
aquatic life in the river, especially with constant construction and use of the river 
disturbing the sediment. There are some studies on the toxicity of the sediment in the 
Saigon River; however no research on effects of sediment on aquatic organisms has been 
reported. Therefore future research needs to be conducted in this field in order to make 
detailed recommendations. 
 
The accumulation of toxic metals such as Pb, Cd and Hg is relatively low in the three 
species investigated. However, since physiology of the snake head, eel and water spinach 
was not completely understand, future research on uptake and excretion of trace metals 
should be conducted on these species. 
 
 There was no significant relationship between metals in sediment and in water and snake 
head fish and eel indicating that the three species used in this study do not have potential 
as biomonitors for trace metals. With reference to water spinach, since this study only 
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focused on edible tissues such as shoot and leaf, the results may not fully reflect the 
bioaccumulation of heavy metals. Therefore, the roots of water spinach should be 
received more attention in future investigations.  
 
Water spinach, snake headfish and eel from the Saigon River do not present any potential 
health risk for consumers. Therefore, no further research on this is necessary at this stage. 
However, attention must be focused on controlling waste loading to the Saigon River and 
advice on the use of water for domestic purposes should be provided by authorities to 
local people. 
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APPENDIX 
Appendix 2.1: List of equipment and materials used in the project 
 
Lab equipment and tools 
No Equipment Manufacturer Model Description 
1 ICP-AES Varian Liberty Series II  
2 AAS Varian Spectra 100/200  
3 Electronic balance Shimazu BX420H  
4 Freezer Sharp SJ-47L-A2G  
5 Digestor  FOSS 2012  
6 Digestor FOSS 2020  
7 Water bath ASTEL J30 PROLABO  
8 Drier Memmert UML500  
9 Mixer    
10 Sand bath    
11 Micro pipette    
12 Micro pipette    
13 Grinder Phillips   
14 Knife Kiwi  Stainless steel 
 
Field equipment and tools 
No Material Specification Manufacturer Model 
1 Water analyzer Portable Hana  C200 
2 Analog balance 2 kg max Nhonhoa CNH-1 
3 Water sampler    
4 Sediment sampler    
5 Water sample container    
6 Sediment sample container    
7 Water spinach container Plastic bag   
8 Fish container Plastic bag   
 
Materials 
No Description Manufacturer Description Original  
1 Nitric Acid HNO3  65% China 
2 Peroxide H2O2  30% German 
3 Sulfuric Acid H2SO4   95% China 
4 Perchloric acid HClO4  70% China 
5 Hydrochloric Acid  30% China 
6 Kalium Hydroxide  85% German 
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7 Vanadium V Oxide V2O5 Riedel de Hae 99.5% German 
8 Tin (II)- Chloride- 
Dihydrate Sn2Cl. 2H2O 
Merck Analytical 
grade 
German 
9 Metal standards Merck 1000 ppm German 
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Appendix 3.1 Metal concentration (µg. l-1) in water from Thanhda,Vamthuat and D2 in the Saigon River in 2004. All values are 
expressed as the Mean ± Standard Error. Means with letters “DL” are below the detection limit. 
 
SITE Month Cu Zn Cr Pb Cd Hg 
Mar 0.3±0.14 3.7±0.52 <0.002 8.3±6.38 0.23±0.155 <0.0002 
May <0.002 10.6±0.68 <0.002 <0.002 <0.0003 <0.0002 
Jul 0.6±0.18 11.4±1.80 <0.002 14.2±0.02 0.1±0.01 <0.0002 
 
 
Vam thuat 
 
 Oct 1.0±0.03 12.6±0.39 <0.002 14.6±0.31 0.29±0.043 <0.0002 
Mar 2.0±0.32 9.7± 2.06 2.2±1.08 0.7±0.10 0.12±0.07 <0.0002 
May <0.002 5.7±1.28 1.0±0.81 <0.002 <0.0003 <0.0002 
Jul 1.5±0.17 8.4±0.30 1.6± 0.46 2.7±0.31 0.2±0.03 <0.0002 
 
 
Thanh da 
 
 Oct 5.9±0.09 35.0±0.64 12.2± 8.97 4.8±0.07 0.1±0.06 <0.0002 
Mar 0.4±0.01 5.8±0.08 <0.002 2.0±0.16 0.1±0.04 <0.0002 
May <0.002 2.4±0.16 <0.002 <0.002 <0.0003 <0.0002 
Jul 0.9±0.19 6.6±0.64 0.2±0.09 2.6±0.54 <0.0003 <0.0002 
 
 
D2 
 
Oct 2.7±0.21 11.5±0.34 0.8±0.06 3.6±0.14 0.1±0.06 <0.0002 
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Appendix 3.2 Metal concentrations (µg. g-1 dry wt) in sediment from the three sites in the Saigon River in 2004. All values are expressed 
as the Mean ± Standard Error. Means with letters “DL” are below the detection limit.  
 
SITE Month Cu Zn Cr Pb Cd Hg 
Mar 46.3±0.08 242.0±1.33 89.9±0.15 33.4±0.50 0.1±0.03 154.0±5.98 
May 41.6±0.57 201.5±3.38 85.7± 1.46 30.4±0.40 <0.1 143.5±10.2 
Jul 42.5±0.78 217.5±2.45 124.1±1.70 29.9±0.62 <0.1 137.4±4.60 
 
 
 
Vam thuat 
Oct 42.3±0.39 225.9±1.08 129.5±2.28 32.5±0.48 <0.1 111.6±0.89 
March 20.4±0.21 131.1±2.01 44.3±4.70 18.9±0.86 <0.1 16.4±1.08 
May 47.4±9.62 179.9±21.85 23.2±0.76 21.5±0.66 <0.1 135.1±17.62 
Jul 26.6±0.36 294.4±56.89 20.8±3.65 134.3±107.79 <0.1 169.5±0.46 
 
 
 
Thanh da 
Oct 35.1±0.58 227.4±2.89 23.7±0.15 18.6±0.05 0.3±0.01 155.0±5.67 
March 34.6±0.39 229.2±3.86 22.2±0.34 22.7±0.82 <0.1 132.2±3.01 
May 14.8±0.57 246.5±6.87 31.4±0.45 15.9±0.54 <0.1 23.8±1.01 
Jul  20.9±0.52 218.1±8.25 33.33±2.35 15.9±0.65 <0.1 41.1±0.55 
 
 
 
D2 
Oct 27.2±0.54 219.4±2.15 28.8±0.55 17.5±0.34 0.3±0.19 73.3±0.96 
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Appendix 3.3 Metal concentration (µg.g-1 dry wt) in water spinach from Thanhda,Vamthuat and D2 in the Saigon River. All values are 
expressed as the Mean ± Standard Error. Means with letters “DL” are below the detection limit. 
 
SITE Month Cu Zn Cr Pb Cd 
 
Hg  
Mar 6.8±0.37 25.9±1.84 0.9±0.10 1.0±0.16 <0.01 <0.01 
May 9.8±0.40 56.7±5.24 0.9±0.08 0.2±0.17 <0.01 <0.01 
Jul 5.0±0.24 32.9±0.87 2.0±0.20 0.3±0.08 <0.01 <0.01 
 
 
 
Vamthuat 
Dec 5.1±0.25 49.2±0.39 1.0±0.03 0.3±0.11 <0.01 <0.01 
March 7.2±1.01 28.4±4.65 0.4±0.15 0.4±0.24 <0.01 <0.01 
May 6.9±0.48 39.7±0.72 1.3±0.29 3.7±0.09 <0.01 <0.01 
Jul 2.6±0.08 29.7±1.10 1.7±0.17 <0.1 <0.01 <0.01 
 
 
 
Thanhda 
Dec 2.1±0.13 24.2±0.96 0.9±0.17 0.2±0.15 <0.01 <0.01 
Mar 7.8±1.25 31.5±5.36 1.4±0.16 0.6±0.23 <0.01 <0.01 
May 8.4±0.06 24.6±0.23 0.56±0.03 0.5±0.07 <0.01 <0.01 
Jul 8.1±1.01 29±3.16 2.4±0.60 0.4±0.27 <0.01 <0.01 
 
 
 
D2 
Dec 8.0±0.17 38.8±1.00 2.3±0.18 0.4±0.19 <0.01 <0.01 
 
 
 
                                                          Biomonitoring of trace metals in the Saigon River 
134 
Appendix 3.4 Metal concentration (± Standard Error) (µg.g-1 dry wt) in muscle of snake headfish from Thanhda, Vamthuat and D2, Saigon 
River, 2004. Concentration of Hg is expressed as µg.g-1 wet wt. Means with letters “DL” are below the detection limit.  
 
SITE Month Cu-m Zn-m Cr-m Pb-m Cd-m Hg-m 
Jan 0.9±0.07 15.8±1.50 1.1±0.08 0.1±0.06 .01±0.01 0.1±0.01 
Mar 3.0±0.70 39.0±6.35 3.6±0.62 0.55±0.15 <0.01 0.06±0.01 
May 0.7±0.26 24.2±2.56 0.8± 0.13 0.3± 0.33 <0.01 0.04±0.01 
Jul 0.12±0.08 16.8±1.18 0.14±0.05 <0.01 <0.01 0.06±0.01 
Oct 0.5±0.16 20.6±0.54 0.3±0.01 <0.01 <0.01 0.04±0.01 
Vamthuat 
  
  
  
 
Dec 0.8±0.05 18.4±1.25 0.16±0.02 0.1± 0.05 0.04±0.01 0.04±0.00 
Jan 2.2±0.40 28.0±1.94 1.0±0.09 0.7±0.07 <0.01 0.09±0.01 
Mar 3.2±0.48 39.3±5.33 1.0±0.14 0.02±0.02 <0.01 0.09±0.01 
May 1.2±0.09 28.8±2.02 0.6±0.02 <0.01 <0.01 0.05±0.01 
Jul  1.8±1.30 19.9±1.20 0.1±0.05 <0.01 <0.01 0.04±0.01 
Oct 5.6±3.20 25.0±1.99 0.7±0.04 <0.01 <0.01 0.05±0.01 
Thanhda 
  
  
  
  
 
Dec 1.1±0.17 23.4±1.00 0.4± 0.02 <0.01 <0.01 <0.01 
Jan 1.8±0.08 40.5±1.38 1.0±0.04 0.14±0.03 <0.01 0.09±0.01 
Mar 2.1±0.18 25.2±1.23 1.7±1.05 <0.01 <0.01 0.13±0.01 
May 0.9± 0.07 23.7±0.62 0.5±0.02 <0.01 <0.01 0.05±0.01 
Jul 0.19±0.10 18.8±0.88 <0.002 <0.01 <0.01 0.05±0.01 
Oct 0.7±0.08 34.9±7.80 0.4±0.03 <0.01 <0.01 0.05±0.01 
D2 
  
  
  
  
  
Dec 0.8±0.16 22.1±0.97 1.0±0.02 <0.01 <0.01 0.1±0.005 
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Appendix 3.5 Metal bioconcentration in liver tissue of snake headfish from Thanhda,Vamthuat and D2 in the Saigon River. All values are 
expressed as the Mean ± Standard Error. Means with letters “DL” are below the detection limit. 
Site Month Cu-liver Zn-liver Cr-liver Pb-liver Cd-liver 
 
Hg- liver 
Jan 26.0±3.85 77.3±5.31 5.1±2.33 <0.1 1.5±1.35 N/A 
Mar 68.9±9.78 222.6±20.93 4.8±0.44 0.6±0.25 2.1±0.44 N/A 
May 34.2±5.76 108.8±10.14 2.0±0.50 <0.1 0.3±0.21 N/A 
Jul 22.3±2.71 87.0±12.90 <0.002 <0.1 <0.01 N/A 
Oct 39.0±6.41 115.8±8.94 0.1±0.05 <0.1 0.4±0.27 N/A 
Vamthuat 
  
  
  
  
  
Dec 34.6±3.80 117.0±6.48 <0.002 0.4±0.22 11.8±4.17 N/A 
Mar 46.8±7.22 165.4±13.12 4.2±0.55 <0.1 <0.01 N/A 
May 100.8±30.5 261.4±69.11 1.6±0.27 <0.1 <0.01 N/A 
Jul 30.6±5.43 105.0±7.72 0.05±0.05 <0.1 <0.01 N/A 
Oct 43.5±9.09 146.3±45.16 1.4±0.16 <0.1 <0.01 N/A 
Thanhda 
  
  
  
  
Dec 46.9±5.99 124.2±6.78 <0.002 <0.1 <0.01 N/A 
Mar 27.0±2.49 119.4±8.78 1.5±0.28 <0.1 <0.01 N/A 
May 53.6±5.19 171.5±6.92 0.8±0.21 <0.1 <0.01 N/A 
Jul 31.4±4.27 128.1±12.82 9.9±4.16 <0.1 <0.01 N/A 
Oct 44.4±21.20 107.3±3.29 0.35±0.05 <0.1 <0.01 N/A 
D2 
  
  
  
  
Dec 35.0±3.38 111.2±7.62 1.8±0.14 0.5±0.14 0.05±0.02 N/A 
Note: Hg in snake headfish is also not available because there was not sufficient sample amount for analysis. 
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Appendix 3.6 Metal bioconcentration in muscle tissue of Swamp eel from Thanhda,Vamthuat and D2 in the Saigon River. All 
values are expressed as the Mean ± Standard Error. Means with letters “DL” are below the detection limit. 
SITE Month Cu-eel Zn-eel Cr-eel Pb-eel Cd-eel Hg-eel 
Jan 3.1±1.91 44.8±0.86 0.8±0.038 0.25±0.09 <0.01 <0.01 
Mar 0.5±0.15 50.3±2.15 1.1±0.27 0.1±0.06 <0.01 <0.01 
May 1.1±0.99 44.8±1.78 0.6±0.14 0.7±0.29 0.02±0.013 <0.01 
Jul 3.0±0.66 60.9±1.71 0.6±0.14 <0.1 .02±0.017 <0.01 
Oct 0.9±0.30 49.7±3.79 0.3±0.03 0.5±0.08 <0.01 <0.01 
Vamthuat 
  
  
  
  
  
Dec 0.5±0.02 47.3±1.53 0.4±0.26 0.1±0.025 .01±0.005 <0.01 
Jan 3.1±1.87 47.5±1.58 0.9±0.19 0.21±0.10 <0.01 <0.01 
Mar 0.2±0.10 56.0±2.59 <0.002 0.2±0.08 <0.01 <0.01 
May 0.1±0.07 49.7±1.75 0.5±0.19 <0.1 <0.01 <0.01 
Jul 1.6±0.27 62.0±4.00 0.4±0.046 0.1±0.12 <0.01 <0.01 
Oct 0.5±0.08 43.7±5.10 0.7±0.05 <0.1 <0.01 <0.01 
Thanhda 
  
  
  
  
  
Dec 0.6±0.06 47.8±1.56 0.5±0.03 0.04±0.02 <0.01 <0.01 
Jan 0.1±0.08 41.6±4.19 0.4±0.11 0.1±0.1 <0.01 <0.01 
Mar <0.01 52.6±2.08 0.1±0.03 0.02±0.01 <0.01 <0.01 
May <0.01 55.0±6.37 1.6±0.32 <0.1 <0.01 <0.01 
Jul 0.9±0.14 51.3±1.25 0.6±0.12 <0.1 <0.01 <0.01 
Oct 5.0±2.44 49.1±1.55 0.1±0.03 0.02±0.01 .0022±0.002 <0.01 
D2 
  
  
  
  
  
Dec 1.3±0.21 46.6±1.77 0.2±0.04 <0.1 <0.01 <0.01 
 
 
